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ABSTRACT OF THESIS

THE EFFECT OF INSTREAM STRUCTURES ON

FISH HABITAT VARIABLES

 

Despite the billions of dollars a year that government and private agencies spend on salmon habitat 

enhancement projects, wild salmon runs continue to decline. While plenty of money is spent on project 

implementation, there is limited funding for pre- and post-stream restoration monitoring. Without a clear 

understanding of whether or not projects meet their objective, time and money will continue to be 

wasted and a valuable resource may be lost. 

The effects of log and boulder weirs on 11 fish habitat variables were evaluated in six streams in the 

Umatilla National Forest (Umatilla NF), Oregon: Camas Creek, Lane Creek, Desolation Creek, Ditch 

Creek, Big Wall Creek, and Wilson Creek. Reaches treated with instream structures (ISS) were 

compared to control reaches to determine whether ISS improved fish habitat. In addition, stream reaches 

treated with log and boulder weirs were compared to agency and scientifically-defined target values to 

determine the current health of the stream. 

Data were collected using the USFS Region 6 Level I & II Stream Inventory protocol. ANCOVA, using 

pre-treatment data as a covariate, and ANOVA tests were performed to test for significant differences 

between treatment reaches and control reaches. 

On a stream-by-stream basis, a treatment effect existed for certain variables. Although ISS in all study 

streams, except Lane Creek, met the USFS objective of creating pools, very few variables in each stream 

showed an improvement in fish habitat.

In addition, no overall treatment effect for streams in the Umatilla NF or for streams in the statistical 

model was determined for any of the 11 variables. 

In Camas Creek, ISS decreased the pool volume and the pool width : depth ratio. The average pool depth 

and the number of pools per wetted width increased in Lane Creek. The number of deep pools (> 2 ft.) 

per wetted width, the number of pools per wetted width, and the number of habitat units per wetted 

width in Desolation Creek increased in reaches treated with ISS, whereas the coefficient of variation for 

riffle width decreased in treated reaches. The number of pools per wetted width in treated reaches of 

Ditch Creek increased, as well. In Big Wall Creek there was no treatment effect and Wilson Creek could 

not be evaluated because the entire stream was treated. 

All streams, except Lane Creek, met the scientifically-defined target value for deep pools (> 2 ft.) per 

wetted width. Desolation Creek and Wilson Creek met the target values for the number of deep pools per 

wetted width, the average pool depth, the average residual pool depth, the number of habitat units per 

wetted width, the standard deviation of riffle width and the pool width : depth ratio. No stream met the 

pool : riffle ratio target or the PACFISH target for the number of pools per wetted width.

The number of functioning and partially functioning ISS per mile was highly correlated (r = 0.92) with 

the number of target values attained. Desolation Creek and Wilson Creek had the highest frequency of 

functioning and partially functioning ISS and met the most target values. According to the target value 

analysis, both of these streams are considered to be in excellent condition and are a low priority for 

stream habitat enhancement. Conversely, Camas Creek, Lane Creek and Ditch Creek met only one target 

value, had a low frequency of functioning and partially functioning ISS and should be a high priority for 

stream habitat enhancement.

Future research in identifying the effect of ISS on channel morphology, fish populations, and their 

interaction is needed to enhance our understanding of salmonid survival requirements. In addition, larger 

studies that stratify stream reaches by watershed variables would shed more light on the effectiveness of 

ISS for improving fish habitat variables.
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CHAPTER I

INTRODUCTION

 

Historic salmon runs in the Pacific Northwest (PNW) are considerably reduced due in part to passage 

barriers, such as dams, and degraded stream habitat. Despite the billions of dollars a year that 

government and private agencies spend on salmon habitat enhancement projects, wild salmon runs 

continue to decline (National Research Council 1996). In the Columbia River Basin, chinook salmon 

(Oncorhynchus tshawytscha), coho salmon (Oncorhynchus kisutch), chum salmon (Oncorhynchus keta) 

and steelhead trout (Oncorhynchus mykiss) are all listed as threatened or endangered under Endangered 

Species Act (ESA) either by the state of Oregon or by the federal government (Water quality 

limited…2001). 

One approach to restoring wild salmon populations is to rehabilitate degraded stream habitat. The most 

common method is site-specific, reach level management. This rehabilitation usually involves installing 

instream structures (ISS) that are intended to change channel morphology, provide cover, or stabilize 

stream banks for the purpose of improving fish habitat. Although it is argued that a site-specific, 

instream approach is inappropriate and does more harm than good (Beschta et al. 1994), there is little 

conclusive evidence to support this statement (Beschta et al. 1991). 

Limited studies on the effectiveness of ISS exist because often there is no pre-treatment data and no 

funding and guidelines for post-treatment monitoring (Kondolf  and Micheli 1995). The absence of 

guidelines frequently leads to qualitative data which make it difficult to attain measurable, repeatable 

and meaningful results. In addition, many studies that have evaluated ISS show conflicting results. Some 

studies show that ISS have improved fish habitat and actually increased fish abundance (Gowan and 

Fausch 1996, House and Boehne 1985, House 1996, Cederholm et al. 1997), whereas other studies show 

there are few benefits gained by ISS (Everest et al. 1986, Beschta et al. 1991, Frissell and Nawa 1992, 

Taylor 2000). 

To facilitate an understanding of the problem, the thesis will begin with a brief background of the 

salmon crisis, the approaches taken to remedy the problem, previous attempts at evaluating the effect of 

ISS, and the types of variables used to describe fish habitat. The paper will then launch into a description 

of the study area and the methodology used to test the hypothesis. Results will be presented next, 

followed by a discussion of the results and a comparison of the results to another ISS effectiveness study 

on the Umatilla NF by Taylor (2000). Finally, conclusions and suggestions for future research will be 

presented.

 

Purpose and Objectives

The purpose of this study is to determine whether log and boulder weirs are effective in improving 

salmonid fish habitat in six streams in the Umatilla National Forest (NF) in northeastern Oregon. The 

following 12 measures of stream characteristics collected in the US Forest Service (USFS) Region 6 

Level I & II Stream Inventory (USDA 2000) were used to describe fish habitat in this study: number of 

deep pools (> 2 ft) per wetted width, number of pools per wetted width, average maximum pool depth, 

average residual pool depth, percent pools, average pool area, average pool volume, number of habitat 

units per wetted width, standard deviation of riffle width, coefficient of variation of riffle width, pool : 

riffle ratio, and pool width : depth ratio, (Table 1). 

Table 1. List of fish habitat variables evaluated in the study and their sources.

Variable Source
number of deep pools (> 2 ft) / wetted width (ft) Lamb (1996)
number of pools / wetted width PACFISH (USDA and USDI 1995)
average maximum pool depth (ft) Lamb (1996)
average residual pool depth (ft) Lamb (1996)
% pools  

average pool area (ft2)  

average pool volume (ft3)  

number of habitat units / wetted width (ft) Lamb (1996)
standard deviation of riffle widths (ft) Lamb (1996)
coefficient of variation for riffle widths (%)  
pool : riffle ratio Platts et al. (1983)
pool width : depth ratio PACFISH (USDA and USDI 1995)

 

The number of deep pools per wetted width, the number of pools per wetted width, the average 

maximum pool depth, the average residual pool depth, the percent pools, the average pool area and the 

average pool volume are all measures of pool habitat, which has been shown to be important throughout 

all salmonid life stages (Bjornn and Reiser 1991).The remaining 5 variables, the number of habitat units 

per wetted width, the standard deviation of riffle width, the coefficient of variation of riffle width, the 

pool : riffle ratio, and the pool width : depth ratio, are all measures of stream complexity. Habitat 

variability and complexity have been shown to promote conservation of genetic diversity and local 

adaptation, which strengthen salmonid populations (Burger 2000).

In the Umatilla NF, the objective of installing boulder and log weirs was to create plunge pools, pools 

located downstream of logs or debris jams and that are usually scoured during high flow events (USDA 

2000), to provide suitable low-flow pool habitat. Figure 1 illustrates the various types of ISS found on 

the Umatilla NF. Figure 2 is a plan view of a typical log-boulder weir and Figure 3 is a cross-section of 

that weir illustrating the plunge pool that forms downstream of the structure.

Figure 1. Illustration of the various types of ISS found on the Umatilla NF (Taylor2000). 

 

Figure 2. Plan view of a log-boulder weir (Taylor 2000).

Figure 3. Cross section of a log-boulder weir (Taylor 2000).

According to forest hydrologists and biologists, some of the streams in this study would completely dry 

up prior to treatment due to climatic conditions and changes in land use (Sanchez pers. comm. 2000, 

Calame pers. comm. 2000, USDA 1995b.). In these cases, the ISS were intended to provide summer 

survival habitat by scouring pools in order to provide water sources. Another hope was to scour pools 

deep enough to tap ground water and provide cool water habitat.

 Because the objective of the ISS in the Umatilla NF was to improve pool habitat, the primary fish 

habitat variables evaluated were pool frequency, depth, area, and volume. Habitat unit frequency, the 

standard deviation of riffle width, the coefficient of variation for riffle width, the pool : riffle ratio, and 

the pool width : depth ratio were evaluated and used as estimates of stream complexity. 

The following hypothesis was tested: log and boulder weirs improve salmonid fish habitat. Objective 1 

was to determine whether pool frequency, pool depth, pool area, pool volume, and stream complexity 

increased in streams treated with ISS. Objective 2 was to determine whether stream reaches treated with 

log and boulder weirs meet scientifically and agency-defined target values for the variables previously 

mentioned. In addition, ISS integrity and function were assessed. 

CHAPTER II

BACKGROUND

 

Salmon Habitat Management

Columbia River salmon and steelhead runs reached a new low in 1994 of 950,000 fish compared to 10-

16 million fish which were estimated prior to significant habitat alterations (Johnson et al. 1997). Since 

1991, the National Marine Fisheries Service has listed 26 Evolutionary Significant Units of PNW 

salmon and steelhead as either threatened or endangered under the ESA (Recovery Planning… 1999). 

The American Fisheries Society has listed 214 native naturally spawning Pacific salmon, steelhead and 

sea-run cutthroat stocks from California, Oregon, Idaho and Washington as depleted (Nehlsen et al. 

1991).

The decline of historic salmon and steelhead stocks has resulted from habitat degradation, inadequate 

passage and flows, poor land-use activities, over-harvest, and negative interactions with hatchery fish 

(Nehlsen et al. 1991). Over 90% of salmon stock declines or extinctions are attributed to habitat 

degradation (Gregory and Bisson 1997). Pools, large woody debris (LWD), side channels, stream 

complexity, and floodplains have been considerably reduced, in part, by land use. A study by McIntosh 

et al. (1994) showed a substantial decrease in pool habitat in managed 

watersheds and an increase in pool habitat in unmanaged watersheds over 50 years, This study suggests 

that land use impacts such as logging, urbanization, farming, grazing, and road building have caused the 

decrease pool frequency. 

Currently, in the Columbia River Basin, state, federal and private agencies have spent billions of dollars 

in an attempt to improve salmon runs (Independent Scientific Group 1999). The Army Corps of 

Engineers has spent a total of approximately $545 million in the years prior to fiscal year 1988. In 

addition, Bonneville Power Administration spent over $80 million in 1995 on Columbia River Basin 

projects alone (Anderson et al. 1996). Regardless of all the money and effort being spent on restoration, 

riparian and aquatic ecosystems continue to be altered and destroyed at a greater rate than any other time 

in human history (National Resource Council 1992) (Figure 4). 

Figure 4. Columbia River Basin anadromous fish returns versus spending. 

Graph showing the number of fish returning to the Columbia River Basin between 1946 and 1996 
and the amount of money being spent over the same time period on salmon restoration 
(Lichatowich 1999).

 

Many scientists think that the continual loss of aquatic habitat is a result of small scale, site-specific 

projects that do not address the ecosystem processes which originally led to the loss of habitat 

(Kauffman et al. 1997; Beschta et al. 1994; Roper et al. 1997; Dombeck et al. 1997). These scientists 

believe that a large scale, ecosystem approach is the appropriate methodology for improving fish 

populations. Unfortunately, an ecosystem approach is not always feasible and instream methods are 

more common because of (Beschta et al. 1994): 

•       an inadequate understanding of riparian/stream ecosystems and the limitations of ISS,
•       political reasons (i.e. the difficulty of changing existing land practices),
•       project funding limitations, 
•       the necessity of quantifiable project results, and
•       land ownership restrictions.

 

Approaches for Evaluating Instream Structures
Because ISS are the most common approach, it’s important to know whether they are effective. In 
general, there are three types of evaluations that can be used to determine ISS effectiveness: 1) 
structural, 2) biological, and 3) physical. The most common and simplest method for evaluating ISS is to 
evaluate their structural integrity and function. Although this evaluation is an important preliminary 
assessment, it does not determine ISS effectiveness for achieving desired fish habitat conditions. 
Structural evaluations usually assess structural integrity in terms of presence, absence and impairment of 
ISS. They also may qualitatively assess function in terms of meeting, partially meeting, or not meeting 
the ISS objective (Frissell and Nawa 1992, Fitzgerald 1997, Roper et al. 1998). 
Biological evaluations generally consist of estimating adult, juvenile or smolt populations by 

electrofishing, snorkeling or smolt trapping (House and Boehne 1985; House 1996; Cederholm et al. 

1997; Everest et al. 1986; Nickelson et al. 1992; Gowan and Fausch 1996). The species of fish sampled, 

the study design and the duration of sampling vary for each project. It may take many years of fish 

population data to accurately determine whether changes were a result of stream improvements because 

fish populations are subjected to natural fluctuations (Kondolf and Micheli 1995, Bisson1996). In 

addition, it is difficult to determine whether the fish populations have actually increased or whether the 

fish have simply relocated from another area in the stream (Chapman 1996). 

A thorough biological evaluation requires “assuring full seeding of parr [a young salmonid between the 

alevin and smolt stages exhibiting dark “parr marks” on it’s sides and actively feeding in fresh water] at 

the beginning of summer, fish marking, and intensive sampling to assess movements and survival” 

(Chapman 1996). Unfortunately, natural fluctuations in fish populations, the difficulty in tracking fish 

movement, and influences from various anthropogenic inputs make it difficult to use biological measures 



as sole indicators of restoration effectiveness (Kondolf and Micheli 1995; Chapman 1996; Bisson 1996). 

Physical evaluations consist of measuring channel morphology in relation to fish habitat quality and 

quantity over time and space. This type of evaluation is based on the principle that geomorphic 

characteristics are good indicators of the spatial and successional patterns of the biological community 

(Kondolf and Micheli 1995). For example, variables such as pool depth, area, and character are 

positively correlated with species abundance and diversity (Lamb 1996, Bjornn and Reiser 1991, Fausch 

and Northcote 1992). 

Other variables often evaluated to determine ISS effectiveness are pool volume, riffle area, pool : riffle 

ratio, substrate composition, spawning area, LWD frequency, percent cover, bank stability, channel 

form, gradient, and velocity (Hunter 1991, Taylor 2000). Many monitoring protocols are based on 

geomorphic channel characteristics and studies have suggested that these types of evaluations may be a 

cost-effective indicator of watershed condition (MacDonald et al. 1991). 
Because ISS are designed to change channel morphology, it seems logical to evaluate these projects by 
measuring geomorphic characteristics in the restored reach. Ideally, a combination of all three 
evaluations should be used over a long duration and at a watershed scale. However, until a system of 
networking scientific and financial resources is developed, this type of monitoring and evaluation is too 
costly and time consuming for individual projects (Bisson 1996). Therefore, physical and structural 
evaluation methods offer a more cost effective, repeatable, and immediate alternative while still 
providing insightful information on the interactions between fluvial processes and fish habitat.
Structural and physical evaluations of ISS were conducted on the Umatilla National Forest (NF) from 

1997 to 2000. As a result of the difficulty in implementing a thorough biological evaluation, no 

biological ISS effectiveness have been conducted on the Umatilla NF. In the late 1980s, a large scale, 

stream restoration, reach level management approach was implemented throughout the bi-state forest. 

Over 1000 ISS were placed in impaired streams in an attempt to improve habitat for the decreasing 

population of summer steelhead (Oncorhynchus mykiss) and to maintain habitat for the spring chinook 

(Oncorhynchus tshawytscha) population. Over the last five years, two studies have evaluated the 

effectiveness of these structures. 

The first study (1997), conducted by the Umatilla NF, was the Phase II Flood Assessment Inventory 

following the 1996 25-year flood (Fitzgerald 1997). This structural evaluation examined 217 ISS on the 

forest. Fitzgerald found that 73% of the ISS were in-place, 15% shifted on site, and 12% were washed 

out or buried. They also determined that 55% of the ISS were fully functional, 25% were partially 

functional, 17% were non-functional, and 3% were functioning in a beneficial way not originally 

intended. From these results they concluded that ISS on the Umatilla NF can withstand large floods (> 

25 year recurrence interval), perform better in fourth and higher order streams, and ISS in low order 

streams may be more susceptible to disruption at high flows (Fitzgerald 1997). These data supported the 

conclusions of a PNW region-wide assessment of ISS integrity and function (Roper et al. 1998).

The second study (2000) assessed ISS effectiveness in the Umatilla NF in terms of scientifically and 

agency-defined target values for various physical stream habitat parameters (Taylor 2000). Taylor’s 

(2000) study examined the effect of ISS on channel morphology and found that: 1) all of the reaches met 

only half or fewer of the scientifically and agency-defined target values for stream condition, 2) pools 

were developed or maintained downstream of ISS, 3) pools downstream of ISS in Rosgen B channels 

(Rosgen 1996) and in steep gradient / larger substrate channels were significantly deeper than other 

pools in the reach, and 4) some ISS contributed to local channel widening, bank erosion, and decreased 

bank vegetation downstream of ISS.

The intent of the present research is to give a clearer understanding of the effect of ISS in the Umatilla 

NF on fish habitat by building on the two existing studies. This study built upon the Phase II Flood 

Assessment Inventory (Fitzgerald 1997) by looking at six streams in greater detail. In addition, Taylor’s 

study (2000) was expanded upon, by conducting a more intensive study on fewer streams and by using a 

different method for determining effectiveness. 

 

Fish Habitat Variables

There are many ways to evaluate ISS effectiveness, but this study evaluated ISS effectiveness in terms of 

channel morphological variables collected during the USFS Region 6 Level I & II Stream Inventory that 

were found in the literature to be associated with salmonid fish habitat. There are many variables not 

evaluated in this study that are correlated with salmonid production, such as LWD and stream cover 

(Sedell 1984, Bjornn and Reiser 1991).  Although these variables are important and were collected 

during the survey, the method for collecting the data was not repeatable and the data were only used 

qualitatively. Therefore, the study focused on measures of pool characteristics and stream complexity.

Bjornn and Reiser (1991) found pools to be important for all salmonid life-stages. Pools are critical for 

juveniles and sub-adults as rearing habitat and for adults as resting and refuge habitat (USDA 1994). 

They store nutrients, which aid in food production, within them and in adjacent riffles. In addition, pool 

tails provide optimal spawning habitat. 

Lamb (1996) found that the number of deep pools (> 2 ft) per wetted width was significantly greater in 

streams in the Umatilla NF that support healthy salmonid populations than in streams with less-healthy 

populations, thereby suggesting that deep pool frequency is important for fish abundance. An 

unpublished study by Sedell et al. supports this statement. They found in 3rd to 5th order streams in the 

Columbia River basin, east and west of the Cascade Mountains, that deep pools (> 3 ft) were critical for 

the optimum survival of anadromous salmonids (cited in USDA 1994).

Residual pool depth (the maximum pool depth minus the depth at the pool tail crest), and the average 

maximum pool depth, which are especially important during low flow in small order streams, have also 

been correlated to species abundance and diversity (Bjornn and Reiser 1991, Fausch and Northcote 

1992, Beschta and Platts 1986). Lamb (1996) found that the number of deep pools (> 2 ft or 0.61 m) per 

wetted width, the average maximum pool depth and the average residual pool depth were sensitive 

measures and differences in these habitats could be detected in streams supporting healthy salmonid 

populations versus streams with less-healthy populations. Bjornn and Reiser (1991) found that fish 

biomass was correlated to pool area and volume for pools up to 200 m2 and 150 m3 (2100 ft2 and 5300 

ft3). However, fish did not use the downstream portion of the pool in pools larger than that size. 

Ecologically diverse and complex habitat is important for genetic diversity and local adaptation of 

salmonids (Burger 2000). Although stream complexity is an accepted important component of salmonid 

habitat, there is no agreed-upon method for quantifying channel complexity (Lamb 1996). Lamb (1996) 

used the number of habitat units (pools or riffles in stream survey after 1996 and pools, riffles and glides 

in stream surveys prior to 1996) per wetted width to determine the degree of channel bed irregularities 

and the standard deviation of riffle width to represent variations in channel shape. He found both of these 

stream complexity variables to be significantly greater in streams supporting healthy populations of 

salmonids than in streams with less-healthy populations. 

Similar to the number of habitat units per wetted width, the pool : riffle ratio explains the general 

geometry of the channel in terms of the relationship between the  percent pool habitat and the percent 

riffle habitat. The pool : riffle ratio gives an understanding of the stream’s ability to provide resting 

habitat near food-producing and spawning areas (Platts et al. 1983, Hunter 1991). Generally, a pool : 

riffle ratio of 1 : 1 is considered optimum (Platts et al. 1983). 

           The width : depth ratio is another quantitative measure of channel geometry. It is an indicator of 

the shift in balance between sediment load and sediment transport capacity, the relation of which largely 

determines channel morphology (USDA 1994). Platts et al. (1983) found that increased width : depth 

ratios resulted from excessive sediment loads, high peak flows and bank erosion. Other studies have 

found that increased width : depth ratios are correlated with reduced channel depth and loss of pool 

habitat which can negatively impact salmonids (Beschta and Platts 1986, Platts 1991). In addition, 

human impacts such as, grazing, farming and logging that remove riparian vegetation, have been 

associated with increases in width : depth ratios (Platts 1991).

CHAPTER III

STUDY AREA
 

The study is focused on six streams within the southern Umatilla NF in the Blue Mountain ecoregion of 

northeastern Oregon (Figure 5). 

 

Figure 5. Location of the Umatilla NF in the Pacific Northwest and study area. 

118° longitude and 45° latitude

The Umatilla NF, a 1.5 million acre forest, is divided into four ranger districts, the Walla Walla Ranger 

District (WWRD) and the Pomerory Ranger District (POMRD) in the north, and North Fork John Day 

Ranger District (NFJDRD) and the Heppner Ranger District (HEPRD) in the south. The study streams 

are located in the forested uplands of the NFJDRD and HEPRD, which are within the North Fork John 

Day subbasin (HUC #17070202). 

Six study streams were evaluated: Camas Creek, Lane Creek, Desolation Creek, Ditch Creek, Big Wall 

Creek, and Wilson Creek. These streams drain into the John Day basin that deposits its waters into the 

Middle Columbia River. Camas Creek, Lane Creek (both in the Camas Watershed), and Desolation 

Creek (Desolation Watershed) are in the NFJDRD. Big Wall Creek, Wilson Creek (both in the Wall 

Watershed), and Ditch Creek (Mallory / Ditch Watershed) are in the HEPRD. The drainage areas of the 

study streams range from 36 km2 to 780 km2 (14 mi2 to 300 mi2) and stream orders from 2 to 3 

(1:24,000 scale) (Appendix A). 

 

Climate

The climate of the Umatilla NF is closely linked to elevation and is typically characterized as semi-arid. 

The winters are generally cold and wet and the summers are hot and dry. The Umatilla NF is divided 

into the northern and southern halves not only by physical boundaries but also by climatic boundaries. 

The northern half of the forest is slightly wetter and denser than the southern half. Only the 

characteristics of the southern portion of the Umatilla NF will be discussed because all the study streams 

are located in this area.

           The more temperate, continental-type climate of the southern portion of the Blue Mountains is 

characterized by low precipitation, high evapotranspiration, extreme temperatures, and abundant 

sunshine (Taylor 2000, Crowe and Clausnitzer 1997). Mean annual precipitation ranges from 33 cm (13 

in) in the lower elevations to 99 cm (39 in) in the higher elevations (USDA 1995a, USDA 1999). 

November through June is considered the wet period, July through September the dry period, and 

October the transitional period. 

Precipitation in the winter is typically snow in the higher elevations and rain or snow in the lower 

elevations or on south-facing slopes. The hydrologic regime is controlled by spring rains and snow-melt. 

Maximum discharge occurs during this period. Summer convective storms can also generate significant 

precipitation and run-off events; however, the minimum discharge usually occurs in late summer and can 

leave many streams dry. 

USGS gaging station data exist for Camas Creek near Ukiah, OR (USGS I.D. # 140425000), for the 

years 1914-1990 and Desolation Creek near Dale, OR (USGS I.D. # 14041000), for the years 1950-

1965. The Camas Creek gage is located about 18.7 river miles upstream of the confluence with the North 

Fork John Day River. This gage is approximately in the middle of the study area. The annual peak 

discharge for Camas Creek ranged from 340 cfs (March 1934), to 3840 cfs (January 1965), and the mean 

monthly low flow ranged from 2 cfs (August 1973), to 9 cfs (August 1984) (Surface water data… 2001). 

Annual peak discharge for Desolation Creek ranged from 414 cfs (May 1959), to 1240 cfs (May 1958), 

and mean monthly low flows ranged from 7 cfs (October 1952), to 10 cfs (September 1953) (Surface 

water data…2001). No gaging data exist for the other study streams.

Mean daily maximum air temperature in August is 32°C (90°F) and the mean daily minimum air 

temperature in January is –4°C (25°F), with 43°C (109°F) being the maximum and –12°C (-54°F) being 

the minimum temperatures ever recorded in the southern portion of the Umatilla NF (USDA 1995a). 

Maximum water temperatures occur during the lowest annual flow periods during late August and early 

September. 

High stream temperatures in the study area are probably the factor most limiting for fish production 

(USDA 1995b). All of the study streams are listed by Oregon on the Clean Water Act 303d list for water 

temperature exceedances over the standard of 18°C (64°F) and Desolation Creek is listed for 

temperature exceedances over the standard set for bulltrout of 10°C (50°F) (Table 2) (Water quality 

limited… 2001). 

Table 2. Oregon Clean Water Act 303d listings for study streams.

Streams 303d listing

Camas Creek temperature (> 18°C)

Lane Creek temperature (> 18°C)

Desolation Creek temperature (> 10°C)

Ditch Creek temperature (> 18°C)

Big Wall Creek temperature (> 18°C), sediment, habitat 
modification

Wilson Creek temperature (> 18°C), sediment, habitat 
modification

 

Factors that may influence stream temperatures in the study area include watershed morphology, stream 

shade, low flow discharge, warm springs, and interception of ground water. As mentioned earlier, 

summer low flow can leave streams very shallow and in some cases dry. According to field inventories, 

stream flow in Big Wall Creek and Wilson Creek is intermittent in dry years. There is no quantitative 

historical data that indicates whether or not summer low flow and stream temperatures have always been 

as shallow and warm as they are presently; however, it does appear that livestock grazing, logging, and 

road construction have increased width : depth ratios and reduced stream side shade (USDA 1995a, 

USDA 1995b, and USDA 1999). In addition, McIntosh et al. (1994) analyzed long-term stream flow 

records for the John Day River basin and determined that base flow increased in most gaged rivers but in-

channel (pools) and floodplain (riparian vegetation) habitats were insufficient to store and release these 

flows during the summer low flow period.

 

Vegetation

           The forest community in the Umatilla NF is closely linked to climate and elevation. Two primary 

forest zones are present in the Blue Mountains of the southern Umatilla NF: ponderosa pine and grand 

fir. The higher elevations (1500 m to 1700 m or 5000 ft. to 5500 ft.) are dominated by the grand fir zone 

which consists of grand fir (Abies grandis), ponderosa pine (Pinus pondersoa), lodgepole pine (Pinus 

contorta), western larch (Larix occidentalis), Douglas-fir (Pseudotsuga menziesii) and a few Englemann 

spruce (Picea angelmannii), subalpine fir (Abies lasiocarpa), western white pine (Pinus monticola), and 

western hemlock (Tsuga heterophylla) (cited in Lamb 1996). The lower elevations (900 m to 1500 m or 

3000 ft to 5000 ft) are dominated by the ponderosa pine zone and consist of ponderosa pine (both seral 

and climax species), lodgepole pine, western larch, western white pine and quaking aspen (Populus 

tremuloides). The primary woody riparian vegetation in both zones is willow (Salix spp.), alder (Alnus 

spp.), and cottonwood (Populus spp.). 

Geology

In the Camas watershed, approximately 80% of the base rock is basalt, 15% is sedimentary rock of 

various ages, 1% is granitic intrusions, and 4% is volcanic ash that was deposited from the Mt. Mazama 

eruptions (6500 years ago) and the Mt. St. Helens eruption (1980), which blanketed the entire area 

(USDA 1995a). The Desolation watershed is the most geologically complex on the Umatilla NF. The 

central portion of the watershed is dominated by volcanic materials, including Mazama ash that is 

generally found in footslopes and drainage areas (USDA 1999). 
The lower section consists primarily of older landslide and debris flow material which give the drainage 
its rolling topography. Metamorphosed volcanic and sedimentary rocks, as well as extensive glacial till 
deposits, are found throughout the watershed. The Wall and Mallory/Ditch watersheds are relatively 
geologically simple. About 94% of the watershed is composed of young volcanics. Ditch Creek, Big 
Wall Creek, and Wilson Creek are located in the Columbia River Basalt group which is relatively stable 
and less prone to mass slope failures (USDA 1995b).
All study streams are located in moderately steep basalt canyons. Lane Creek, Ditch Creek, Wilson 

Creek, and the control reaches of Camas Creek, have a north-south aspect, whereas Desolation Creek, 

Big Wall Creek, and the treatment reaches of Camas Creek have a west-east aspect. All the streams are 

Rosgen Type B channels (moderately steep, straight, moderately wide, non-entrenched channels usually 

located in the uplands) except Camas Creek, which is a Type C channel (relatively flat, sinuous, 

moderately wide, slightly entrenched channel usually located in the lowlands) (Rosgen 1996). Lane 

Creek and Wilson Creek are second order streams and Camas Creek, Desolation Creek, Ditch Creek and 

Big Wall Creek are all third order streams at the 1:24,000 scale.

 

Fisheries

Anadromous salmonids (chinook salmon (Onchorynchus tshawytscha), steelhead trout (Onchorynchus 

mykiss)) and cold water resident species (redband trout (Onchorynchus mykiss), eastern brook trout 

(Salvelinus fontinalis), cutthroat trout (Onchorynchus clarki), bull trout (Salvelinus confluentius), 

mountain white fish (Prosopium williamsoni)) are found in the study areas. The John Day basin supports 

the largest remaining wild stock of spring chinook in the Columbia River Basin. The North Fork John 

Day River and its tributaries account for approximately 70% of the production of spring chinook (USDA 

1999). Mid-Columbia basin steelhead and bull trout are considered threatened species under the ESA 

(Water quality limited… 2001). Mid-Columbia basin spring chinook and redband trout are considered 

sensitive species by the USFS Region 6 (Howell and McKinney 1997). 

Land Use Impacts            

           Euro-American pioneers following the Oregon Trail began settling in eastern Oregon in 1843 

(Oliver et al. 1994). Since their settlement there has been a history of extensive land use including cattle 

and sheep grazing, fire suppression, mining, timber harvest, and road building. In the Desolation 

watershed from 1890 to 1905, approximately 2000 horses and 6000 sheep and cattle grazed in the lower 

drainage which significantly contributed to degraded range conditions (USDA 1999). The same kinds of 

grazing practices were ubiquitous throughout the Umatilla NF and they degraded stream health in many 

areas by altering width : depth ratios, destroying riparian vegetation, and destabilizing streambanks 

(Platts 1991).

By the 1930s grazing had altered the frequency and intensity of wildfires (USDA 1995a). Throughout 

the Umatilla NF, the long-term use of fire suppression reduced fire frequency and led to increases in 

disease intensity (USDA 1995 a). Placer mining in the early 1900s was also extensive in the Umatilla 

NF; however, only a few tributaries of Desolation Creek were affected (USDA 1999).  

Logging and road building affected channel morphology by decreasing LWD inputs, confining streams, 

and increasing sediment inputs (USDA and USDI 1995). Currently, Big Wall Creek and Wilson Creek 

are listed on the Oregon 303 d list for sediment (not meeting PACFISH cobble embeddness standard) 

and habitat modification (not meeting PACFISH standards for pool frequency and depth and for a low 

density of steelhead trout redds) (Table 2) (Water quality limited… 2001)

CHAPTER IV

METHODS

 

Site Selection

The Umatilla NF was chosen as the study area for multiple reasons: the USFS expressed an interest in 

having their ISS evaluated; the Umatilla NF has over 1000 ISS that were installed before the 1996 and 

the 1997 floods (less than 25-50 year recurrence intervals); and pre-treatment data were available. Each 

stream selected for the study was based on the following criteria listed in order of importance:
1)     ISS installed prior to the 1996 flood,
2)     frequency of ISS (number of ISS per length of treated reach),
3)     length of treatment and control reaches,
4)     adequate pre-treatment stream survey data, and
5)      adequate post-treatment stream survey data. 

The first criterion, installment of ISS prior to 1996, refers to the importance of selecting study streams in 

which the integrity and function of the ISS have been tested. This also insures that approximately the 

same amount of time has passed because ISS installed before the floods were all installed in the late 

1980s and early 1990s. 

It is imperative that ISS have experienced a flood, that enough time has passed since the installation of 

the ISS, and that ISS frequency is adequate to allow for

morphological change to occur. Streams that had the highest intensity of ISS and met the other criteria 

were chosen.

In addition, it was necessary for the length of the treatment and control reaches to be long enough to 

make statistical comparisons. The minimum reach delineation was set at one-half mile and some streams 

were too short to meet criterion three. 

In order to determine whether fish habitat improved more in the treatment reaches than in the control 

reaches, adequate pre-treatment data were important for defining the initial condition of each reach. Each 

pre-treatment fish habitat variable was used as the covariate and it acted as an adjustment factor for non-

equal starting conditions. 

The final criterion was important for efficient time management. Priority was given to streams that met 

the first four criteria and for which post-treatment stream survey data had already been collected. These 

data were easily obtained from the USFS SMART database. 

 

Data Collection

All pre-treatment stream morphology data gathered in the field prior to 1990 were collected based on the 

Hankin and Reeves (1988) visual estimation method (Sanchez pers. comm. 2000). Pre-treatment stream 

morphology data were collected by USFS stream survey teams during summer low flows between 1988 

and 1990. These data were gathered from the Umatilla NF district offices and converted to Excel 

spreadsheets. 

The USFS Region 6 Level I & II Stream Inventory protocol (USDA 2000) was developed in 1990 based 

on the Hankin and Reeves (1988) method and was used to collect stream morphology data after 1989 

(Konnoff pers. comm. 2000) (Appendix B). Post-treatment stream morphology data were collected 

either by the author and a field assistant during summer low flow in 2000 or by other USFS stream 

survey teams in between 1997 and 2000. Post-treatment stream surveys were conducted during summer 

low flow by USFS stream survey teams in Big Wall Creek in 1997, in Ditch Creek and Wilson Creek in 

1998, and in the treated reaches of Desolation Creek in 2000. Post-treatment stream surveys for Camas 

Creek, Lane Creek and the control reaches of Desolation Creek were conducted by the author and a field 

assistant during the summer 2000 low flow period.

Every year in Region 6, a USFS Level I & II Stream Survey protocol is distributed to all the forests. The 

protocol has changed slightly throughout the years, but the only change in the protocol that affects this 

study is the omission of glides from the habitat unit type in 1996. However, the number of glides that 

were converted to pools in later surveys were assumed to be uniform over the entire stream and should 

not affect treatment versus control comparisons. 

The USFS Region 6 Level I & II Stream Inventory consists of visually estimating the length and width 

of each habitat unit (pool or riffle) and physically measuring the maximum depth of each habitat unit and 

pool tail crest along the entire length of the stream. To correct for the bias associated with ocular 

estimates, the protocol requires that the length, width and depth of at least 10 pools and 10 riffles or 10% 

of each habitat unit type be ocularly estimated and physically measured, in order to develop statistically 

valid correction factors. The inventory also consisted of estimating LWD, substrate, and vegetation, but 

there is no calibration for these estimates, and because of the subjectivity of the estimate, they were not 

used in this study. 

A few years after installing ISS in the streams, data on ISS integrity and function were gathered by 

USFS employees following the protocol used by Fitzgerald (1997), the USFS Region 6 Flood 

Assessment Instream Structure Durability Evaluation protocol (Appendix C). In the summer of 1997, 

ISS integrity and function were assessed by USFS employees in Ditch Creek, Big Wall Creek and 

Wilson Creek. ISS were evaluated by the author in Camas Creek, Lane Creek and Desolation Creek in 

the summer of 2000 during the stream survey. 

ISS integrity was evaluated in terms of presence, impairment, and absence of ISS. If more than 50% of 

the structure maintained its original location and orientation, then it was considered “in-place.” If more 

than 50% of the structure had maintained its location but had shifted its orientation, then it was 

considered “shifted.” The structure was considered “gone” if less than 50% of the structure remained. 

ISS function was qualitatively assessed in terms of meeting, partially meeting, and not meeting the ISS 

objective, and of functioning in a way not originally intended. Because the objective of the ISS evaluated 

in this study was to create a plunge pool, a structure was considered functioning if a channel-wide 

plunge pool existed below the structure. If the plunge pool didn’t extend the entire channel-width or 

simply no plunge pool existed but a pool existed upstream from the structure, then it was considered 

“partially functioning.” A structure was classified as “not functioning” if no pool existed above or below 

the structure or the structure was gone. If the structure did not create a plunge pool but still provided 

quality habitat (i.e., created a debris jam, multiple pocket pools (smaller pools often behind rocks or 

logs)), then it was considered “functioning in a way not originally intended.”

Reach Delineation

To compare reaches treated with ISS to control reaches, each stream was divided into multiple treated 

and control reaches. In the USFS Region 6 Level I & II Stream Inventory protocol, initial reach 

delineations are determined by the surveyor and are based on geomorphic features such as changes in 

gradient, channel confinement, substrate, valley width, discharge (i.e., confluences of major tributaries) 

and sinuosity (USDA 2000). In order to compare aquatic habitat data over time, reach delineations in the 

pre-treatment data had to match reach delineations in the post-treatment data. This was somewhat 

problematic because the reach breaks defined by the surveyor often changed from the pre-treatment 

survey to the post-treatment survey. 

Unfortunately, it was not possible to simply line-up reach breaks in the pre-treatment and post-treatment 

data based on known reach lengths because stream distance for the same stream varied from pre-

treatment survey to post-treatment survey. This discrepancy in stream length resulted from estimation 

errors inherent in the stream survey method (Poole et al. 1997). Therefore, reaches were matched in the 

two surveys by referring to the habitat unit comments and finding habitat units in the pre-treatment data 

that matched up to habitat units in the post-treatment data (i.e., habitat units at bridges, at a specific 

structure number). This method most accurately separated the treatment and control reaches and evenly 

displaced the stream length estimation error throughout the stream. 

As mentioned earlier, in order to statistically evaluate changes in fish habitat over time and space for a 

particular stream, an adequate sample size is necessary. Most streams initially were divided into only 

three reaches and, in some cases, these reaches were not separated into treated and control reaches. 

Therefore, to increase the sample size and to insure accurate representation of reaches, initial stream 

reaches were further broken into reaches based on length and presence of ISS. The number of reaches in 

each stream was dependent on 1) the number and location of structures, 2) the length of the stream, and 

3) the availability of control reaches (reaches similar in size, substrate, confinement, slope).

Although, treatment reaches were sometimes upstream of control reaches, all reaches were assumed to 

be independent. This assumption was not statistically tested so a replicate design with conservative reach 

lengths was used. Reaches were at least one-half mile long to insure an accurate representation of the 

reach. Because a pool spacing of 5 to 7 channel widths is considered average for free-formed pool-riffle 

channels (Leopold et al. 1964), reach lengths needed to be at least 10 times greater than this to determine 

an average pool frequency for the reach. 

In addition, treated reaches began at least two habitat units (either a pool or a riffle) above the first of a 

series of ISS and ended after the second habitat unit following the last downstream ISS to insure 

treatment effects were contained within the treatment reach. If the treatment series was not quite one-half 

mile long, then habitat units above and below the series were included to make the treated reach at least 

one-half mile long. If the initial reach was completely treated or completely untreated, then the reach 

was evenly divided with no segment being less than one-half mile. Appendix E contains maps of each 

stream, which show reach delineations. Figure 6 schematically illustrates reach delineations before and 

after treatment and the location of treatment (T) and control (C) reaches on a hypothetical stream.   

Pre-
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Figure 6. Schematic diagram of a stream showing reach delineations and the direction of flow. 

T = treated reach, C = Control reach, 1, 2, 3, etc. = reach number. 

 

Data Analysis
           Objective 1:  Determine whether pool frequency, pool depth, pool area, pool volume, and 
stream complexity increased in streams treated with ISS.

Improvement in fish habitat variables was assessed by comparing fish habitat variables in reaches treated 

with ISS to control reaches. The only information provided by the stream inventory that related to the 

ISS objective and that was quantitative was habitat unit characteristics. Therefore, variables from the 

literature describing habitat unit characteristics that could be derived from the stream inventory were 

used (Table 3).

Table 3. List of variables and sources used in objective 1.

Variable Target Value Source
number of deep pools (> 2 ft) / wetted width (ft) Lamb (1996)
number of pools / wetted width PACFISH (USDA and USDI 1995)
average maximum pool depth (ft) Lamb (1996)
average residual pool depth (ft) Lamb (1996)
% pools  

average pool area (ft2)  

average pool volume (ft3)  

number of habitat units / wetted width (ft) Lamb (1996)
coefficient of variation for riffle widths (%)  
pool : riffle ratio Platts et al. (1983)
average pool width : depth ratio PACFISH (USDA and USDI 1995)

 

           Because pools have been positively associated with fish biomass (Bjornn and Reiser 1991) and 

information on pools was provided in the stream survey, many measures of pool characteristics were 



averaged for each reach and used to evaluate the effectiveness of ISS. Three of the pool characteristic 

variables used in this study were taken from the study by Lamb (1996), in which fish habitat variables 

derived from the USFS Region 6 Level I & II Stream Inventory were evaluated. The number of deep 

pools (> 2 ft) per wetted width standardized the effect of discharge by dividing the number of pools by 

the wetted width of the channel (the reach length divided by the average riffle width at the time of the 

survey). The average maximum pool depth and the average residual pool depth (the maximum pool 

depth minus the depth at the pool tail crest) both evaluate changes in pool quality, which is shown to be 

correlated with fish diversity and abundance (Bjornn and Reiser 1991). 

           The number of pools per wetted width is another measure of pool frequency that is recommended 

in the PACFISH interim strategy for restoring and maintaining valuable anadromous fish habitat 

(Williams and Williams 1997, USDA and USDI 1995). Percent pools, average pool area and average 

pool volume are other variables used to describe the quality of fish habitat (Bjornn and Reiser 1991, 

Gowan and Fausch 1996, House and Boehne 1985, House et al. 1991, House 1996, Nickelson et al. 

1992, Armantrout 1991, Everest et al. 1986). These variables are important because they standardize the 

effect of lumping and splitting pools during the survey. For example, one observer may label two 

consecutive small pools as one pool on the survey (lumper), whereas another observer may record two 

pools (splitter). 

The number of habitat units per wetted width, the coefficient of variation of riffle width, the pool : riffle 

ratio, and the pool width : depth ratio are indicators of channel complexity. There currently are no 

standardized variables to describe channel complexity; therefore, variations in channel bed shape were 

used (Lamb 1996, USDA and USDI 1995). For stream surveys prior to 1996, a habitat unit was 

classified as either a pool, riffle or glide and in later stream surveys as a pool or riffle. The effect of 

discharge was standardized by dividing the number of habitat units per reach by the wetted width of that 

reach. A measure habitat unit frequency gives an idea of how often channel bed shape changes since 

adjacent pools and riffles have different depths and slopes (Beschta and Platts 1986).

Lamb (1996) used the standard deviation of riffle width to describe channel complexity; however, mean 

riffle width varies depending on reach location. Therefore, the coefficient of variation was used in order 

to make comparisons in reaches with different mean riffle widths.  The coefficient of variation for riffle 

width is expressed as a percent and is:

                                                       

                                                       C.V. = s / x * 100                                       (1)
where s is the standard deviation of riffle width for each reach and x is the mean riffle width for 
each reach.
 
 
 

The pool : riffle ratio is the  percent pool habitat divided by the percent riffle habitat in a reach. A ratio 

of 1 : 1 is considered optimum because it implies that feeding habitat is adjacent to spawning habitat. 

Improvements in fish habitat were determine based on the measured difference of the pool : riffle ratio 

from 1. The average pool width : depth ratio, another recommended variable from the PACFISH interim 

strategy, is the wetted width of a pool divided by the maximum pool depth. This variable was averaged 

for each reach and a decrease in the pool width : depth ratio was considered an improvement in fish 

habitat.

Analysis of Covariance (ANCOVA) using 4 streams and Analysis of Variance (ANOVA) using 6 

streams were performed on each of the 11 variables (Table 3). These tests assume that all streams have a 

normal distribution for each variable being tested and that the variances among streams are equal (Ott 

1993). A square root transformation was used on all the data except data on average pool volume, which 

was adjusted using a log transformation. The standard deviation among streams was visually compared 

by observing box and whisker plots of the residuals. 

ANCOVA was used on streams for which pre-treatment data were available. In each stream the 

treatment reach mean was compared to control mean for each variable and the pre-treatment data for the 

variable being analyzed was used as the covariate (i.e., pre-deep pools per wetted width). One of the 

major assumptions of ANCOVA is that the linear regressions for the different treatments are parallel 

(Ott 1993). Therefore, the statistical model adjusted for any pre-treatment differences between treatment 

and control reaches. The adjusted means were compared by testing the difference in y-intercepts. The 

streams and number of reaches used in this analysis include: Camas Creek (5 treated reaches (T) and 9 

control reaches(C)), Lane Creek (3 T, 5 C), Ditch Creek (3 T, 15 C) and Big Wall Creek (5 T, 2 C).

ANOVA was performed on the four streams mentioned above and two additional streams (Desolation 

Creek (17 T, 8 C) and Wilson Creek (11 T)) which did not have pre-treatment data. Therefore, the pre-

treatment covariate was not used.

           Both tests looked for interactions between stream effects and treatment effects. Step 1 used a 

mixed statistical model in which the stream effect was random and the treatment effect was fixed. 

Therefore, all the stream reaches were combined so that 16 treatment reaches were compared to 31 

control reaches in the ANCOVA test and 44 treatment reaches were compared to 39 control reaches in 

the ANOVA test. The purpose of this test was to determine whether a certain ISS effect could be 

assumed for streams outside the model. This would be true if the treatment-stream interaction was not 

significant and the treatment effect was significant (Figure 7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Flow chart of Step 1 data analysis for determining improvements in salmonid fish habitat 
caused by treatment. 

Treatment*Stream = treatment-stream interaction, T = treatment, NS = not significant, S = 
significant.

 

Step 2 analyzed only the streams in the model; therefore, stream effect and treatment effect were fixed 

(Figure 8). If the interaction between treatment effect and stream effect was not significant, then the 

treatment effect across all streams in the model was tested. Given that the treatment was significant, then 

it could be assumed that the treatment effect was significant for all streams in the model. If the 

interaction between 

the treatment effect and the stream effect was significant, then the treatment effect on a stream-by-stream 

basis was tested (step 3) (Figure 8). Both these steps only compared treatment reaches to control reaches 

in the same stream.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Flow chart of Step 2 and 3 data analysis for determining improvements in salmonid fish habitat 
caused by treatment. 

Treatment*Stream = treatment-stream interaction, T = treatment, NS = not significant, S = 
significant.

Objective 2: Determine whether stream reaches treated with log and boulder weirs meet 

scientifically and agency-defined target values for fish habitat variables that describe pool 

characteristics and stream complexity. 

Post-treatment variable means from treated reaches in each stream were compared to scientifically and 

agency-defined (guidelines scientifically determined and used by agencies) target values (Table 4) 

(Lamb 1996, USDA and USDI 1995, Platts et al. 1983). 

Table 4. Scientifically and agency-defined target values for fish habitat variables.

1 scientifically-defined target values, 2 agency-defined target values

Variable Target Source
Deep pools per wetted width 0.0075 Lamb 19971

Pools per wetted width by wetted width:
       3 (m)
       6 (m)
       8 (m)

 
0.462
0.540
0.608

PACFISH 2
(USDA and USDI 1995)

Average maximum pool depth (m) 0.680 Lamb 19971

Average residual pool depth (m) 0.518 Lamb 19971

Habitat units per wetted width 0.1329 Lamb 19971

Standard deviation of riffle widths 1.4 Lamb 19971

Pool : riffle ratio 1 Platts et al. 19831

pool width : depth ratio < 10 PACFISH2 
(USDA and USDI 1995)

 

Five of the target variables, the number of deep pools per wetted width, the average maximum pool 

depth, the average residual pool depth, the number of habitat units per wetted width, and the standard 

deviation of riffle width, were derived from the study by Lamb (1996). He calculated fish habitat 

variable means (target values) in stream reaches supporting healthy populations of salmonids in drainage 

areas between 0 to 19 km2 and 20 to 100 km2 (0 and 7 mi2 and 8 and 40 mi2) in the Umatilla NF. In this 

study, Lamb’s target values were compared to treated reaches with drainage areas between 20 to 100 

km2. The following treated reaches were compared to Lamb target values: all treated reaches for Lane 

Ck., Ditch Ck. and Wilson Ck, and reaches 11-14 for Camas Ck, reaches 12-17 for Desolation Ck., and 

reaches 5-7 for Big Wall Ck (Appendix E). 

The targets for the number of pools per wetted width for a specific wetted width and the pool width : 

depth ratio are PACFISH recommendations for PNW streams (USDA and USDI 1995). These targets 

were derived from an unpublished study by Sedell et al. (USDA 1994) which examined unconfined, 

Rosgen Type C (Rosgen 1996) channels in Columbia River basin streams east and west of the Cascade 

Mountains. The pool frequency target values actually apply to pools greater than 0.9 m (3 ft) in residual 

depth, but because so few deep pools were present in the study area, the frequency of any pool in the 

treated reaches was compared to the target (USDA 1994).

The pool : riffle ratio is a standard measure of amount of feeding habitat adjacent to spawning habitat. In 

the past, a pool : riffle ratio of 1 : 1 was considered optimum. Although an ideal ratio is believed by 

many scientists not to exist, the ratio of 1 : 1 was used as a target in this study for comparison purposes 

(Platts et al. 1983).

Each target value was compared to the fish habitat variable mean from the treated reaches of each stream 

minus the standard error. Standard errors generated from the ANOVA tests were not used because the 

entire population (the entire stream) was sampled. Therefore, the only error associated with the mean 

was the variance associated with the stream survey method. 

                                                       SE =  √(s2/n)                                              (2)

Where s2 is the variance associated with the measurement and n is the number of treated reaches in 
the stream.

Measurement error (ME) associated with the stream survey method was estimated from a study 

conducted by Poole et al. (1997) on repeatability of the USFS Level I & II Stream Inventory protocol. 

Poole et al. analyzed data from three studies that assessed the repeatability of the stream survey method. 

In general, a section of stream was surveyed in terms of habitat unit type by multiple observers using the 

same method. The percent agreement (PA) between observers was determined and then adjusted to 

assess repeatability of stream surveys in terms of adjusted percent agreement (APA):

 

                                                       APA = (PA – EA) / (100%- EA)                  (3)
where PA = percent agreement and EA = expected agreement given random classification (Poole et 
al. 1997). 
 

 

PA refers to mean percent agreement of habitat unit types and is equal to the consensus score divided by 

the number of observers. Adjusting PA by subtracting the percent increase expected from random 

classification determines by how much (or less) the observed agreement deviates from randomness. 

Poole et al. (1997) found that for a group of USFS observers receiving no training besides a protocol 

booklet (Roper and Scarnecchia’s Group 1), the APA for delineating and classifying habitat units for 

three types was 66.8 %. For a group of USFS observers receiving a five-day uniform training (Roper and 

Scarnecchia’s Group 2), the APA for classifying pre-delineated habitat units for three types was 79.8%. 

They also found that APA increased with additional uniform training and a reduction in the number of 

habitat unit types. 

           The post-treatment stream survey training for this study was similar to the training received by the 

survey crews in the Poole et al. (1997) study. The stream survey protocol used for the post-treatment 

surveys in the Umatilla NF consisted of delineating and classifying two habitat unit types. In addition, all 

the stream surveyors were given protocol booklets and a training course. The post-treatment survey 

method for the Umatilla NF used portions of the methods used by Roper and Scarnecchia’s Group 1 and 

Group 2; therefore, this study used a conservative estimate of APA of 50%. This assumes that 50% of 

the time repeatability was not achieved. The measurement error (ME) is 50% of the variable being 

evaluated and is equal to: 

                                                       ME = [(100 – APA)/100] * v                       (4)

where v is the mean of the treatment reaches for a variable and APA = 50.

 

 

The standard error (SE) at α  = 0.05 (2 standard deviations) was determined by back-calculation. First 

the standard deviation was determined:
                                                       ME = 2s                                                     (5)
           

where ME is the measurement error calculated in equation 4 and s is the unknown standard 
deviation of the variable.

 

 

Once s was determined, it was replaced in Equation 2 and SE was calculated. Therefore, the true mean 

of the post-treatment variable being evaluated lies between the mean (x) ± SE of the variable. 

If the lower boundary value of the post-treatment variable being evaluated was greater than or equal to 

the target value, then the target value was attained. The following variables were evaluated with this 

methodology: the number of pools per wetted width, the average maximum pool depth, the average 

residual pool depth, the number of habitat units per wetted width, the standard deviation of riffle width, 

and the pool : riffle ratio. The pool width : depth ratio was compared to the upper boundary of the target 

because a low width : depth ratio is the goal. The mean number of deep pools per wetted width in treated 

reaches was compared to the target value without a standard error because the probability of mis-

classifying the deep pools was low. 

CHAPTER V

RESULTS
 
This chapter will present the results of the Summer 2000 field work and the statistical analysis of the 

data. Results from objective 1 will be presented first in the following order: individual streams (Step 3), 

streams in the Umatilla NF (Step 1), and streams in the statistical model (Step 2). Secondly, the results 

from objective 2 will be presented, and finally data associated with ISS integrity and function. The 

interpretation of the data will occur in the Discussion Chapter.  

 

Objective 1

Determine whether pool frequency, pool depth, pool area, pool volume, and stream complexity 

increased in streams treated with ISS.

ANCOVA and ANOVA tests were performed on the stream habitat data for treatment and control 

reaches. On a stream-by-stream basis (Step 3), a treatment effect existed for the number of deep pools 

per wetted width, the number of pools per wetted width, average pool depth, average pool volume, the 

number of habitat units per wetted width, the coefficient of variation for riffle width, and the pool width : 

depth ratio (Table 5). P-values for the streams and variables that exhibited a significant treatment effect 

(α = 0.1) for both the ANCOVA and ANOVA tests are shown in Table 5. The means for the treated 

reaches and control reaches for each variable are in Appendix F.

Table 5. Significant p-values from ANCOVA and ANOVA tests for treatment reach means versus 
control reach means in streams in the Umatilla NF, Oregon 1998 - 2000.

Stream ANCOVA ANOVA Variable Direction
Lane 0.1076  

deep pools / 
wetted width increased

Lane 0.0412  pool depth increased

Ditch 0.0058  
pools / wetted 
width increased

Camas 0.0053  pool volume decreased
Camas  0.0149 width : depth decreased

Desolation  0.0001 deep pools / 
wetted width increased

Desolation  <.0001 habitat units / 
wetted width increased

Desolation  0.0134 pools / wetted 
width increased

Desolation  0.0032
coefficient of 
variation for 
riffle width

decreased

 

Lane Creek, Ditch Creek, Camas Creek and Desolation Creek had at least one significant treatment 

effect. No treatment effect was found for Big Wall Creek. Wilson Creek could not be individually 

evaluated because the entire stream was treated. 

Residual pool depth, % pools, pool area, and the pool : riffle ratio, were not significant in any of the 

study streams. The number of deep pools per wetted width, the number of pools per wetted width, the 

average maximum pool depth, the number of habitat units per wetted width, and the pool width : depth 

ratio all showed an improvement in fish habitat, whereas the average pool volume and the coefficient of 

variation for riffle width showed a decrease in fish habitat. Measures of pool frequency, deep pools per 

wetted width and pools per wetted width, were the only variables that significantly increased in treated 

reaches in more than one study stream. 

The results from the ANCOVA tests are graphically depicted in Figures 9 through 12. The adjusted 

means were compared by testing the difference in y-intercepts. An increase of 0.0028 deep pools per 

wetted width in treated reaches of Lane Creek is shown in Figure 9. This is the difference in the square 

root of y-intercepts or the difference in the square root of the means. ISS in Lane Creek also increased 

the average maximum pool

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 9. ANCOVA results for treatment versus control for the number of deep pools per wetted width 
in Lane Creek, Umatilla NF, Oregon, from 1988 to 2000.

 
 
 
 
 

 

 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

Figure 10. ANCOVA results for treatment versus control for average pool depth (ft) in Lane Creek, 
Umatilla NF, Oregon, from 1988 to 2000.

 

 

depth in treated reaches by 0.57 ft (0.17 m) (Figure 10). The ANCOVA test showed that the number of 

pools per wetted width in Ditch Creek increased by 0.026 pools as a result

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. ANCOVA results for treatment versus control for the number of pools per wetted width in 
Ditch Creek, Umatilla NF, Oregon, from 1990 to 1998.

 

of ISS (Figure 11). However, ISS actually reduced the average pool volume in Camas Creek by 4200 ft3 

(120 m3) (Figure 12). This is the difference in the anti-log of y-intercepts or the difference in the anti-log 

of means. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. ANCOVA results for treatment versus control for average pool volume (ft3) in Camas Creek, 
Umatilla NF, Oregon, from 1988 to 2000.

 
 
ANOVA results for treatment reaches versus control reaches showed that the pool width : depth ratio on 

Camas Creek decreased by 2.5 (Table 6). The number of deep pools per wetted width, the number of 

pools per wetted width, and the number of habitat units per wetted width increased in reaches treated 

with ISS in Desolation Creek. However, a discrepancy existed in the effect of ISS on stream complexity 

in Desolation Creek because habitat unit frequency increased coefficient of variation for riffle width 

decreased in reaches treated with ISS. 



 

Table 6. Treatment and control reach means from ANOVA test for treatment versus control for 
study streams in the Umatilla NF, 1989 to 2000.
 

Stream Variable Treatment Control Change p-value
Camas Creek pool width : 

depth ratio
9.5 12 - 2.5 0.0149

Desolation Creek deep pools / 
wetted width

0.11 0.033 0.077 0.0001

Desolation Creek pools / wetted 
width

0.102 0.052 0.050 0.0134

Desolation Creek habitat units / 
wetted width

0.23 0.10 0.13 <0.0001

Desolation Creek coefficient of 
variation for 
riffle width

17% 26% - 9% 0.0032

 

ANCOVA and ANOVA tests were also used to determine whether a treatment effect for any of the 11 

variables could be detected for streams in general (Step 1), or for the streams in the statistical model 

(Step 2). No significant results for treatment reaches versus control reaches were found for any of the 

variables for streams in the Umatilla NF (Step 1) or for streams in the statistical model (Step 2). 

In addition, only 5 of the 11 variables had a significant covariate: deep pools per wetted width, pools per 

wetted width, average maximum pool depth, the coefficient of variation for riffle width, and the pool : 

riffle ratio (Table 7). Using pre-treatment data for each variable as the covariate did not significantly 

improve the strength of the test. Therefore, ANOVA tests were also used because a model with more 

streams and no covariate was just as effective as the ANCOVA test. 

Table 7. List of variables and p-values associated with the strength of the covariate from the ANCOVA 
tests (Step 2). Values in bold indicate significance at α = 0.05.

Variable p-value for 
covariate

number of deep pools (> 2 ft) / wetted width (ft) < 0.0001
number of pools / wetted width 0.0012
average maximum pool depth (ft) 0.0025
average residual pool depth (ft) 0.3074
% pools 0.0161
average pool area (ft2) 0.5568
average pool volume (ft3) 0.0110
number of habitat units / wetted width (ft) 0.2530
coefficient of variation for riffle widths (%) 0.0507
pool : riffle ratio 0.0077
pool width : depth ratio 0.8925

 

 

Objective 2

Determine whether stream reaches treated with log and boulder weirs meet scientifically and 

agency-defined target values for fish habitat variables that describe pool characteristics and stream 

complexity. 

Fish habitat variables in treated reaches were compared with the following target values to determine 

whether reaches treated with ISS resemble healthy streams: the number of deep pools per wetted width, 

the number of pools per wetted width, the average maximum pool depth, the average residual pool 

depth, the number of habitat units per wetted width, the standard deviation of riffle width, the pool : 

riffle ratio, and the pool width : depth ratio (Table 8). All study streams met a least one target value and 

all streams except Lane Creek met the Lamb target value for the number of deep pools (>2 ft) per wetted 

width. No stream met the pool : riffle ratio target or the PACFISH target for the number of pools per 

wetted width. 

Table 8.Percent divergence from scientifically and agency-defined target values for fish habitat variables 
for treated stream reaches in the Umatilla NF, Oregon. 

Numbers italicized and in bold are the agency or scientifically defined target values. Underlined 
numbers in bold indicate that the treatment reaches met or exceeded the target value. A Ú 
indicates that the same reaches prior to treatment had met the target value and that ISS decreased 
fish habitat. Desolation Creek and Wilson Creek could not be evaluated in this way because no pre-
treatment data existed. A positive value shows the percent by which the target was exceeded and a 
negative value shows how far, in percent, the individual stream is from the target.

 
 
Target

dp/ww
0.0075

p/ww
 

pdep
0.68

resid.
0.51

HU/ww
0.13

Srw
1.4

p/r
1.0

w/d
< 10

  0.501       
Camas 140 -1100 Ú -31 -15 -71 -16 -200 -5.0
  0.462       
Lane -55 -1500 -52 -40.3 -120 -110 -1700 3.9
  0.608       
Deso 2700 -530 42 40.0 160 4.02 -420 0.98
  0.462       
Ditch 38 -730 -67 -51 -58 -110 -340 Ú -16
  0.462       
B. Wall 180 -900 -25 -9.00 -59 -120 -150 26
  0.540       
Wilson 1300 -430 33 38 67 28 -130 15

          dp/ww = deep pools (> 2 ft) / wetted width, p/ww = pools / wetted width, pdep = average pool 
depth (m), resid. = residual pool depth (m), HU/ww = habitat units / wetted width, Srw  = standard 
deviation of riffle width (m), p/r = pool : riffle ratio, w/d = pool width : depth ratio.
 

Most streams that did not meet or exceed the target value were at least 15% lower than the target value. 

The exception to this was the average residual pool depth for Big Wall Creek which was only 9% less 

than the target value of 0.51 m (1.7 ft) and the pool width : depth ratio for Camas Creek which was only 

5 % less than the target value of 10. 

None of the variables on any of the streams attained the target value as a result of ISS. One of three 

scenarios occurred 1.) the target value was met prior to treatment, 2.) the target was not met prior to 

treatment in the treated reaches but showed the same trend (did not meet target prior to treatment but did 

after treatment) in the control reaches, thus suggesting that the variable increased due to natural 

conditions, or 3.) the stream could not be evaluated in this way because it did not have pre-treatment data 

(i.e., Desolation Creek and Wilson Creek). 

Many variables on various streams showed a decrease in fish habitat over time because of natural 

conditions. Again the cause of the reduction in fish habitat is determined by evaluating the trend in the 

pre- and post-treatment data in both the treated and the control reaches. Therefore, the only variables and 

streams that no longer resembled reaches that support healthy salmonid populations as a result of ISS 

(indicated by Ú in Table 8) were the average maximum pool depth in Camas Creek and the pool width : 

depth ratio in Ditch Creek. The treatment reaches in these streams met the targets prior to treatment but 

not after treatment and the control reaches in these streams did not met the target prior or after treatment. 

This suggests that there was no substantial change in channel morphology as a result of natural 

conditions and that the treatment actually degraded stream habitat. 

 

ISS Integrity and Function

Streams in this study all have ISS that are approximately 10 years old, have experienced floods in 1996 

greater that the 25-year return interval, have a frequency of at least 10 ISS per treated mile, and have at 

least two treatment and control reaches (Appendix D). The ISS assessment revealed that less than 12% 

of the ISS in the study streams were destroyed or buried by floods (Appendix D). The original number of 

ISS in each stream and the original ISS frequency in the treated reaches is shown in Table 9. The percent 

functioning and partially functioning ISS for each stream are presented in the last column of Table 9. 
 

Table 9. Results of ISS survival and performance in the Umatilla NF from approximately 1989 to 2000.

 

Streams
Number of ISS 

(original) ISS/mile

Percent 
Functioning and 

Partially 
Functioning ISS

Functioning and 
Partially 

Functioning 
ISS/mi

Camas Ck. 38 10 82 7.6
Lane Ck. 34 21 38 8
Desolation Ck. 241 28 78 21
Ditch Ck. 30 18 80 14
Big Wall Ck. 54 11 91 9.5
Wilson Ck. 176 32 78 25

 

ISS structures were considered to be functioning if they met the project objective of creating a 

downstream scour pool that extended the width of the stream. ISS were considered to be partially 

functioning if they provided some form of pool habitat such as an upstream pool (dammed pool) or a 

substantial pocket pool. Greater than 75% of ISS were considered to be functioning or partially 

functioning in all of the study streams except Lane Creek, where only 38% were functioning. 

The number of functioning and partially function ISS per mile was correlated to the number of target 

values attained in each stream (Figure 13). The streams with the 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Graph showing the correlation between the number of functioning and partially 
functioning ISS per mile and the number of target values attained in streams in the Umatilla NF, 
Oregon between 1997 and 2000. 

 

highest number of functioning and partially functioning ISS per mile (i.e., Desolation Creek and Wilson 

Creek) met the most target values. Conversely, streams with the lowest frequency of functioning and 

partially functioning ISS (i.e., Camas Creek, Lane Creek, Ditch Creek and Big Wall Creek) met the 

fewest target values.

 

 
 

CHAPTER VI

DISCUSSION 

 

This chapter will discuss the results of the data analysis, speculate on potential reasons for the results, 

and provide suggestions for future restoration. Streams will be individually discussed (Step 3), followed 

by a discussion of the results from Steps 1 and 2 of the data analysis, which evaluated streams in the 

Umatilla NF and streams in the statistical model. The streams will then be compared to Taylor’s (2000) 

results. Finally, the main points from all the sections will be combined and the big picture questions will 

be addressed in the research synthesis section. Conclusions and future research will be discussed in the 

remaining chapters.

 

Case Studies

The effectiveness of ISS for improving fish habitat variables was tested by comparing treatment reaches 

to control reaches in six streams. Although trends in ISS effectiveness could not be detected between 

streams, ISS were effective in improving some fish habitat variables on a stream-by-stream basis.

 

Camas Creek

ANCOVA and ANOVA tests did not show significant differences in the number of deep pools (> 2 ft) 

per wetted width in treated reaches versus control reaches; however, treatment reaches still met the target 

value. The target value for the number of deep pools per wetted width was attained in the summer of 

2000 and not prior to treatment. This suggests that the treatment was successful in meeting management 

goals. Interestingly, Taylor (2000) found most of the deep pools in Camas Creek below ISS. Her finding 

supports the results of this study.     

ISS improved deep pool habitat on Camas Creek but did not improve average maximum pool depth. In 

fact, treated reaches had already met the target for the average maximum pool depth prior to treatment, 

and then failed to meet that target after the ISS treatment. Control reaches met the target before and after 

the research. According to target value analysis (Objective 2), ISS reduced the average maximum pool 

depth. In addition, ISS decreased the average pool volume in Camas Creek.

The pool width : depth ratio decreased in reaches treated with ISS. Although the width : depth ratio in 

the treated reaches in Camas Creek was reduced, these reaches failed to meet the PACFISH target value. 

Fausch and Northcote (1992) found bankfull width : depth ratios to be negatively correlated to LWD 

frequencies. Taylor (2000) determined that both small and large LWD frequencies in a treated reach of 

Camas Creek were below the Lamb (1996) target values (Appendix G). There are many human impacts 

associated with large width : depth ratios such as logging, farming and grazing (Platts 1991, Ralph et al. 

1994). All of these impacts occur or have occurred in the Camas Creek watershed and may contribute to 

increased width : depth ratios.

Camas Creek met only one target value and is considered to be in poor condition. Restoration efforts 

should focus on decreasing the width : depth ratio which, may in turn, increase the average maximum 

pool depth. Installing riparian fencing and revegetating stream banks are suggested as restoration 

strategies for unnaturally wide channels (Beschta et al. 1991)  

 

Lane Creek

           The average maximum pool depth significantly increased in treated reaches in Lane Creek but 

failed to meet the target defined by Lamb (1996) for streams in the Umatilla NF. Therefore, ISS 

increased pool depth in Lane Creek but pools in treated reaches remain too shallow to resemble pools in 

reaches that support healthy salmonid populations. The only target value attained in treated reaches was 

the pool width : depth and it was met prior to treatment. Because only one target value was attained the 

quality of fish habitat in Lane Creek is considered poor. 

The low frequency of functioning ISS may be contributed to the minimum amount of change in fish 

habitat. Although Lane Creek had a high frequency of ISS, less than 40% of these were functioning or 

partially functioning which may not have been adequate to influence channel morphology. Because the 

frequency of functioning and partially functioning ISS is correlated to the number of target values 

attained, maintenance of existing ISS may improve fish habtiat. 

The Taylor study (2000) determined that large LWD is lacking in the treated section of Lane Creek but 

small LWD exceeded the Lamb (1996) target value (Appendix G). It appears that a lack of LWD in Lane 

Creek is not a big problem and that restoration approaches, other than adding material to the stream, 

should be considered. 

 

Desolation Creek

           The largest number of fish habitat variables that statistically increased in treated reaches occurred 

in Desolation Creek. Also, besides Wilson Creek, treated reaches of Desolation Creek had the most fish 

habitat variables that met scientifically and agency-defined target. The number of deep pools per wetted 

width and the number of habitat units per wetted width increased in treated reaches and attained the 

Lamb (1996) target values. The coefficient of variation for riffle width, which was used to standardize 

the standard deviation of riffle width data, was statistically decreased; however, it was not reduced 

enough to change the quality of the habitat because the standard deviation of riffle width still met the 

target.  

In addition, the average maximum pool depth, the average residual pool depth and the pool width : depth 

ratio in treated reaches in Desolation Creek all met the target value (Objective 2). The number of pools 

per wetted width increased but still did not attain the PACFISH (USDA and USDI 1995) target value. 

Although six target values were met on Desolation Creek, there are no pre-treatment data to confirm for 

the target value analysis whether the ISS improved the habitat or whether the habitat was in good 

condition prior to treatment. 

Desolation Creek had the most ISS and one of the largest frequencies of functioning and partially 

functioning ISS. In addition, the Taylor study (2000) found that a treated reach (drainage area <100 km2) 

in Desolation Creek met the Lamb (1996) target value for the number of small LWD pieces per mile 

(Appendix G). The excellent condition of fish habitat on Desolation Creek may have been influenced by 

the intensity and durability of the treatment. Studies on the population and distribution of fish in 

Desolation Creek would further enhance this assessment. No further restoration, just morphological and 

biological monitoring, is recommended on the mainstem of Desolation Creek.

 

Ditch Creek

The number of pools per wetted width increased in treated reaches of Ditch Creek but did not met the 

PACFISH (USDA and USDI 1995) target value. Conversely, the number of deep pools per wetted width 

did not statistically increase in treated reaches, but those reaches resembled reaches that support healthy 

salmonid populations because they met the Lamb (1996) target value. The pool width : depth ratio met 

the PACFISH (USDA and USDI 1995) target values in treatment reaches prior to treatment but not after 

treatment. Because there was no change in the target value status for the control reaches over time, it 

appears that ISS actually reduced stream complexity by increasing the pool width : depth ratio in Ditch 

Creek. 

           Ditch Creek has a moderate frequency of functioning and partially functioning ISS. Ditch Creek, 

as well as Camas Creek and Lane Creek, is in the poorest condition because it only attained one target 

value and actually lost stream complexity. Studies have shown LWD to be correlated with stream 

complexity (Montgomery et al. 1995, Ralph et al. 1994). A qualitative assessment of LWD in Ditch 

Creek indicated that large LWD are below the PACFISH (USDA and USDI 1995) target value of greater 

than 20 pieces per mile. Restoration efforts focused on increasing LWD might increase stream 

complexity 

 

Big Wall Creek

           The ANCOVA and ANOVA tests for differences in treated reaches versus control reaches 

showed no significant treatment effects. The target values for the number of deep pools per wetted width 

and the pool width : depth ratio continued to be attained, as they had been met prior to treatment. 

Therefore, ISS in Big Wall Creek had no effect on fish habitat.

Big Wall Creek is still in fair condition and should be a priority for stream restoration. It is possible that 

the low frequency of ISS was not high enough to impact fish habitat. In addition, Taylor (2000) found 

that both small and large LWD in a treated reach of Big Wall Creek were below the Lamb (1996) target 

values (Appendix G). Improvement efforts should focus on restoring watershed processes; however, 

other watershed and channel variables such as sediment input, bank stability and vegetation should be 

assessed before making a management decision. 

 

Wilson Creek

           The effect of ISS on fish habitat variables could not be assessed in Wilson Creek because the 

entire stream was treated and there were no control reaches (Objective 1). In fact, Wilson Creek had the 

highest ISS frequency (32 ISS / mile) and over 75% of the ISS were functioning or partially functioning 

after 10 years. No pre-treatment data were collected so it was impossible to determine whether target 

values were met as a result of ISS. Therefore, only the current condition of fish habitat in Wilson Creek 

was assessed.

Wilson Creek, along with Desolation Creek, met the most target values. Both streams met the target 

values for the following variables: the number of deep pools per wetted width, the average maximum 

pool depth, the average residual pool depth, the number of habitat units per wetted width, the standard 

deviation of riffle width, and the pool width : depth ratio. Also, Taylor (2000) found that residual pool 

depth at ISS was 

significantly greater than residual pool depth in pools without ISS. The target value analysis showed that 

for the variables in this study, Wilson Creek is in excellent condition. 

A qualitative assessment of the stream survey data for the number of large LWD pieces per mile 

indicated that Wilson Creek is above the PACFISH guideline (Appendix G). However, Taylor (2000) 

found that a treated reach on Wilson Creek did not meet the PACFISH (USDA and USDI 1995) or the 

Lamb (1996) target value for the large LWD frequency or the Lamb (1996) target value for the small 

LWD frequency. The discrepancy in the results again shows the effect of spatial variability and the 

inaccuracy of a qualitative measurement. Future monitoring of fish populations and distribution, 

vegetation, bank stability, stream temperature, LWD and other morphological variables is recommended. 

 

Streams in the Umatilla NF and streams in the statistical model

           No significant treatment effects were found for streams, in general, or for streams in the statistical 

model (Step 1 and 2). Therefore, there was no significant ISS effect on fish habitat variables for streams 

in the Umatilla or for the six study streams.  

           Watershed variables such as stream type, confinement, geology, vegetation and drainage area 

strongly influence the morphology of the stream, and thus may affect the response of ISS (Schumm 

1979). Because only six streams were used in this study, it was impossible to statistically evaluate ISS 

response to watershed variables. The pre-treatment data were used as the covariate to account for the 

different watershed and channel variables that existed prior to treatment. However, this covariate was not 

very strong and could not account for all the variability. Ideally, a larger data set should be used and 

stratified by various watershed variables or adjusted by using the watershed variables as covariates. 

           Statistical power for the 11 variables evaluated in ANCOVA and ANOVA tests was low. Only 

three variables, average maximum pool depth, average pool volume and the pool width : depth ratio, had 

a greater than 50% chance of finding a 10% difference in the treatment reach mean and the control reach 

mean. This again suggests that a larger sample size could reduce the variability in the estimates. 

           In addition, the assumption used in this study, that the measured fish habitat variables reflect 

ecologically significant changes over time, may be false (Poole et al. 1997). Although Lamb (1996) 

found the number of deep pools per wetted width, the average maximum pool depth, the average residual 

pool depth, the number of habitat units per wetted width and the standard deviation of riffle width to be 

significantly different in reaches supporting healthy salmonid populations versus reaches with less-

healthy populations, those variables may not be sensitive enough to show change in treatment reaches 

versus control reaches. Likewise, the remaining six variables used in this study have not been proven to 

show significant differences in treatment reaches versus control reaches. 

It is possible that ISS have changed fish habitat but that the method of measuring these changes or the 

variables used to reflect these changes are not sensitive enough to show the change (Poole et al. 1997). 

Some possible reasons why the data may not be sensitive are: 1.) the habitat unit classification is 

subjective and the measurement of 

habitat units maybe inaccurate, 2.) the time scale used to measure changes in channel morphology may 

be too short, and 3.) the response variables used in this study may be overwhelmed by the effects of 

other variables. 

 

Comparison to Taylor’s Study of ISS Effectiveness

It is interesting to compare this study to Taylor’s (2000) study because she evaluated the same streams, 

except Ditch Creek. She evaluated 13 streams in the Umatilla NF and compared stream characteristics in 

habitat units upstream and downstream of individual ISS to habitat units without ISS. Taylor examined 

residual pool depth downstream of ISS, average wetted stream width upstream and downstream of ISS, 

percent bank erosion upstream and downstream of ISS, and percent bank vegetation upstream and 

downstream of ISS (Table 10).

Table 10. Results for study streams from Taylor’s (2000) comparison of Umatilla NF stream 
characteristics in habitat units adjacent to ISS to the same characteristics in habitat units without ISS.

Ù = variable was larger in habitat unit adjacent to ISS, Ú = variable was less in habitat unit 
adjacent to ISS, d/s = habitat unit downstream of ISS, u/s = habitat unit upstream of ISS.

Streams residual pool 
depth (m)

wetted width of 
habitat unit (m)

% bank erosion % bank 
vegetation

Camas    Ú d/s
Lane     
Desolation     
Big Wall Ùd/s    

Wilson Ù d/s    

 

Taylor concluded that residual pool depth increased immediately downstream of ISS in Big Wall Creek 

and Wilson Creek. In Camas Creek, she found that the percent bank vegetation decreased in habitat units 

immediately downstream of ISS. According to Taylor, none of the streams used in this research showed 

any sign of bank erosion or widening in habitat units adjacent to ISS. 

           Taylor also compared a treated reach from each of the 13 study streams to scientifically and 

agency-defined target values. Table 11 compares Taylor’s results to 

Table 11. Comparison of results for scientifically and agency-defined target values evaluated in the 
present study and in the Taylor’s study (2000). 

M = target value was met in the present study, T = target value was met in the Taylor study.

Streams dp/ww
(Lamb)

pools/ww
(PACFISH)

pdep
(Lamb)

resid.
(Lamb)

HU/ww
(Lamb)

w : d
(PACFISH)

Camas M  T T T  
Lane T  T  T M
Desolation T, M  T, M M T, M M
Big Wall T, M    T M
Wilson T, M  M M T, M M
dp/ww = deep pools per wetted width, pools/ww = pools per wetted width, pdep = average maximum 
pool depth, resid. = average residual pool depth, HU/ww = habitat units per wetted width, w : d = pool 
width : depth ratio
width, the average maximum pool depth, and the number of habitat units per wetted 

 

results for streams in the present study. The target values for the number of deep pools per wetted width 

in Desolation Creek, Big Wall Creek and Wilson Creek , the target value for the average maximum pool 

depth in Desolation Creek, and the target values for the number of habitat units per wetted width in 

Desolation Creek and Wilson Creek were met in both the Taylor study and the present study. 

There were many discrepancies between the two studies that are most likely a result of spatial 

variability. The Taylor study (2000) only compared one treated reach within each stream to the target 

value; therefore, in some cases, the location of the reach determined whether the target value was met. 

The present research examined multiple treated reaches in each stream to attain a mean for the stream. In 

addition, in the present study a standard error was calculated and subtracted from the mean to correct for 

measurement error. The mean minus the standard error was compared to scientifically and agency-

defined target values to determine whether treated reaches in streams were meeting or exceeding the 

targets. Target value results for the present study can be considered more comprehensive than the Taylor 

study on a streamwide basis because the present study used a replicated design and accounted for 

measurement error.

 

Research Synthesis

           Considering the number of variables and reaches evaluated, ISS had little positive effect on fish 

habitat variables in the study streams. Nevertheless, some improvements in pool frequency, pool depth, 

and stream complexity (i.e., the number of habitat units per wetted width and the pool width : depth 

ratio) were seen on a stream-by-stream basis. The only fish habitat variables that were significantly 

decreased on a stream-by-stream basis by ISS were average pool volume and the coefficient of variation 

for riffle width (Table 5). 

Desolation Creek and Wilson Creek are considered to be in the best condition because they met the most 

target values (6 each, Table 8). Interestingly, these two streams had the most ISS and ISS frequency was 

found to be correlated to the number of target values attained (Figure 13). Camas Creek, Lane Creek, 

and Ditch Creek met only one target value and are considered to be in the poorest condition and good 

candidates for habitat restoration.

It is difficult to determine why fish habitat variables improved in some streams and not others. Most 

likely, as Taylor (2000) and Lamb (1996) found, watershed variables, including present and historic 

landuse, largely influence geomorphic response. In addition, many studies have found LWD to be 

correlated with pools and stream complexity (Montgomery et al. 1995, Ralph et al. 1994, Fausch and 

Northcote 1992). This study only evaluated LWD qualitatively because the data collected in the stream 

survey were too subjective for statistical analysis but it appears in this analysis and in the Taylor (2000) 

analysis that the amount of LWD in the system affects the overall quality of the fish habitat. 

CHAPTER VII

CONCLUSIONS

 

There was no general ISS effect on channel morphology for the streams in this study. Therefore, the 

effectiveness of ISS cannot be predicted for streams in the Umatilla NF. On a stream-by-stream basis the 

ISS were effective in improving some fish habitat variables. Although ISS in all study streams, except 

Lane Creek, met the USFS objective of creating pools, very few variables in each stream showed an 

improvement in fish habitat. 

In Camas Creek, Lane Creek, Desolation Creek and Ditch Creek there was a treatment effect for at least 

one of the following variables: the number of deep pools per wetted width, the number of pools per 

wetted width, the average pool depth, the average pool volume, the number of habitat units per wetted 

width, the coefficient of variation for riffle width, and the pool width : depth ratio. There was no 

treatment effect for residual pool depth, % pools, the average pool area, and the pool : riffle ratio. In 

Camas Creek, the average pool volume and the average maximum pool depth actually decreased as a 

result of ISS, as did the coefficient of variation for riffle width in Desolation Creek. 

All streams met at least one target value but not necessarily as a result of ISS. In fact, the only target 

values attained as a result of ISS were the number of deep pools per wetted width and the number of 

habitat units per wetted width in Desolation Creek. 

Although the quality of the fish habitat prior to treatment could not be assessed for Desolation Creek, the 

ANOVA test showed that ISS increased the number of deep pools per wetted width and the number of 

habitat units per wetted width in treated reaches of Desolation Creek. Therefore, ISS structures are 



contributing to the current good quality fish habitat on Desolation Creek described in the target value 

analysis. 

None of the study streams met the target value for the pool : riffle ratio or the PACFISH (USDA and 

USDI 1995) guideline for the number of pools per wetted width. This result is not surprising because 

there are many critics that believe these guidelines cannot be uniformly applied to streams. Platts et al. 

(1983) found that reaches in the South Fork Salmon River with a low pool : riffle ratio of 0.4 : 1 yielded 

the highest salmonid fish standing crops. In contrast, he found that reaches with a high pool : riffle ratio 

supported large salmonid fish standing crops. This shows that the pool : riffle ratio might not be a good 

measure of fish habitat.

Likewise, the PACFISH guideline for the number of pools per wetted width is believed by many eastern 

Oregon fish biologists to be inappropriate for many of the streams in the eastern Oregon forests (Sanchez 

pers. comm. 2000). These targets were derived from unconfined, 3rd to 5th order, Rosgen Type C 

channels in the Columbia River basin streams east and west of the Cascade Mountains (USDA 1994). 

Very few of the streams in the Umatilla NF are Rosgen Type C channels and Camas Creek is the only C 

channel in the study area. In addition, many of the study reaches are confined, including Camas Creek.

Because of the discrepancy in the validity of the pool : riffle ratio and the PACFISH (USDA and USDI 

1995) guideline for the number of pools per wetted width, it may be more appropriate to use a pool 

frequency measure derived from healthy Umatilla NF streams. If the Lamb target for the number of deep 

pools (> 2 ft) per wetted width is used, then all study streams except Lane Creek met the target.

Finally, the number of functioning and partially functioning ISS per mile was highly correlated (r = 

0.92) with the number of target values attained. Desolation Creek and Wilson Creek had the highest 

frequency of functioning and partially functioning ISS and met the most target values. According to the 

target value analysis, both of these streams are considered to be in excellent condition and are a low 

priority for stream habitat enhancement. Conversely, Camas Creek, Lane Creek and Ditch Creek met 

only one target value, had a low frequency of functioning and partially functioning ISS and should be a 

high priority for stream habitat enhancement.

 

 

CHAPTER VIII

FUTURE RESEARCH

 

This study examined a selection of available channel variables associated with fish habitat. Future 

studies should examine other channel variables such as: 

•                frequency and size of LWD, 

•                % overhanging bank,

•                 % riparian area, 

•                % cover, 

•                type and amount of substrate, 

•                water temperature, and 

•                bankfull width : depth ratio. 

Most of these variables were evaluated in the USFS Region 6 Level I & II Stream Inventory but they 

were not comparable over time or between observers. The protocol for counting LWD has changed 

significantly throughout the years and measures such as percent riparian area and substrate are too 

subjective to use. In addition, permanent cross-sections should be established during the survey so that 

measures of bankfull characteristics, substrate and riparian area can be compared over time. 

Comparing treatment reaches to control reaches to determine change in habitat is a good method, but 

accuracy could be improved if quantitative measurements of habitat unit width, length and depth, cover, 

and LWD were used instead of visual estimates 

(Poole et al. 1997). The use of precise measurements might improve the significance of the covariate. A 

cost-benefit analysis would determine whether the improved accuracy is worth the time and energy spent 

collecting the data. It might be possible to survey fewer stream reaches but survey more accurately by 

using a total station and establishing permanent cross sections.

In addition, future studies would benefit by creating a larger dataset and stratifying it by watershed 

variables such as geology, drainage area, stream type, slope, confinement, and aspect. Site-specific target 

values should also be established based on streams in the Blue Mountain ecoregion. PACFISH and other 

scientifically and agency-defined target variables should be tailored to local watershed conditions 

through watershed analysis (Williams and Williams 1997). Most importantly, correlating fish habitat 

variables associated with ISS to actual fish population data would enhance our understanding of the 

needs of salmonids.
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APPENDIX A. SUMMARY OF STREAM CHARACTERISTICS

 

Table 12. Summary of Umatilla NF, Oregon, study stream characteristics. 

D.A. = drainage area, T = treatment, and C = control.

Stream D.A.
(mi2)

yr. pre-
survey

yr. post-
survey

# T-
reach

# C-
reach

T-reach 
(mi)

C-reach 
(mi)

Camas Ck 326.4 1988 2000 5 9 4.1 6.1
Lane Ck 14.1 1988 2000 3 5 1.6 3.5
Desolation Ck 108.9 N/A 2000 17 8 8.9 3.7
Ditch Ck 26.9 1990 1998 3 15 1.7 9
Big Wall Ck 85.3 1989 1997 5 2 5 1.6
Wilson Ck 41.5 N/A 1998 10 0 5.5 0
 
 
 
Stream # ISS year of ISS 

installation
sinuosity gradient (%) Rosgen

type
stream 
order

Camas Ck 38 1989 1.1 2.6 C 3
Lane Ck 34 1990 1.1 3.6 B 2
Desolation Ck 241 1985 1.15 2.8 B 3
Ditch Ck 30 1991 1.3 2.6 B 3
Big Wall Ck 54 1989 1.2 2.4 B 3
Wilson Ck 176 1986 1.3 3.3 B 2
 

 

 

 

 

 

 

 

 

APPENDIX B: USFS REGION 6 LEVEL I & II STREAM INVENTORY PROTOCOL AND FORM

Stream Habitat Data - Form C
R6-2500/2600-22
 
The following items should be recorded on Form C for the habitats to be surveyed.  Each Forest should establish a standard 
for "right bank" and "left bank" orientation (see figure 5 to clarify the importance of distinguishing the banks of the stream).  
This orientation shall remain consistent over the forest once established.  NOTE:  the USGS standard establishes orientation 
while looking downstream. 
 
There are four potential estimated dimensional attributes.  They are habitat length, average habitat width, maximum habitat 
depth, and maximum depth at pool tail crest.  The first three attributes will be measured at every "nth" unit (“nth units” are 
also referred to as “measured units”); maximum depth at pool tail crest will be measured at every pool.  The measured 
information will be placed in the data categories on Form C directly below each corresponding estimated value for that 
habitat unit.  In addition, items 16-31 are to be entered on the same line (row) of Form C as the measured dimensions of the 
measured habitat units.  Survey teams using the SDR software in a handheld data recorder must follow the procedures 
outlined in that software’s manual.  While the attributes collected are identical, measured habitat attributes are entered to SDR 
differently than is appropriate for the hardcopy field data forms.
 
NOTE:  INSTRUCTIONS FOR COMPLETING THE FORM C HEADER (ATTRIBUTES A - H) 
ARE LISTED ON THE FORM A INSTRUCTIONS ON PAGE 15
 
FORM C INSTRUCTIONS
 
I.  REACH NUMBER:  Reaches shall be numbered sequentially, with the first reach beginning at the downstream startpoint 
of the survey, usually at the mouth of the stream, with each succeeding reach's startpoint coinciding exactly with the previous 
reach's endpoint  (e.g., 1, 2, 3, etc.).
 
THE FINAL REACH BOUNDARIES MAY CHANGE FOLLOWING VERIFICATION DURING 
THE FIELD PHASE.  PRIOR TO COMPUTER DATA ENTRY, FINAL DELINEATION MUST 
OCCUR, AND THE TRUE REACH NUMBER MUST BE ASSIGNED TO THE RESPECTIVE 
HABITAT UNITS.  (SEE FORM B2)
 
When starting a new reach, record the data on a new Form C page 37.  This will facilitate data entry and minimize data entry 
errors. 
 
MAKE SURE NSOs LISTED ON FORM B2 COINCIDE WITH THE NSOs ON ALL THE FORM Cs 
COMPLETED FOR EACH REACH BEFORE YOU BEGIN DATA ENTRY TO THE SMART 
DATABASE.
 
J.  SAMPLING FREQUENCY:  Enter the chosen frequency for sampling the measured habitat unit.  For example, if 
sampling pool and riffle habitat types at a 20 percent frequency, enter 1/5 (1/5 = 20/100 = 20%) for both habitat types.  
 
The Sampling frequency must be sufficient to ensure at least 10 pools and 10 riffles AND 10 percent of all pools and all 
riffles are sampled as measured habitats for each observer on each stream.  
 
On longer streams where the required numbers of measured units can be met, a minimum of 10 percent of pool and riffle 
units is recommended.  Shorter streams may require a much greater sampling frequency to achieve the necessary number of 
measured units.  If a certain habitat type is uncommon (i.e., pools under certain stream conditions), it is possible that 100 
percent of those habitat units must be measured to achieve the minimum of “10 measured units” of both habitat types.
Refer to #5 of the “STANDARDS” section in the beginning of this chapter for a discussion of how to randomly designate the 
first pool and first riffle to be treated as measured habitats.
 
The asterisk (*) on Form C denotes the additional habitat attributes that require entries for measured units.  DO NOT fill in 
these data categories in the rows for non-measured (estimated) habitat units.
 
1.  NATURAL SEQUENCE ORDER (NSO):  Enter a unique natural sequence order number for each habitat unit.  NSOs 
should be entered in the same order as habitat units are encountered in the field survey, beginning with the first habitat unit 
and incrementing sequentially as new habitats are encountered moving upstream, (e.g., 1, 2, 3, etc.)
 
The numbering sequence shall remain consistent between reaches, (if Reach 1 ends at NSO #203, then Reach 2 shall begin at 
NSO #204).  There are only two exceptions: a reach of private land to which access has not been granted, and a lake which 
occupies a middle segment of the surveyed stream channel (see figure 3).  In either case, a reach number is assigned to the 
private land and to the lake; but no NSOs are assigned to either of those two reaches.  Sequential assignment of NSOs resume 
in the next upstream reach (e.g., if Reach 2 is private land, no access, then NSOs are as follows: Reach 1 = NSO 1 to 203; 
Reach 2 has no NSOs assigned; Reach 3 = NSO 204 to 251...).
 
All side channels (S) and tributaries (T) with streamflow at the time of the survey should be treated as individual habitat units 
and assigned individual NSO numbers.  They should be assigned the next incrementally higher NSO than the main channel 
habitat unit into which they flow.  When multiple habitat units (tributaries and side channels) converge upon the mainstem 
habitat at exactly the same place, number them in a clock-wise order while facing upstream (see figure 5).  (FL:4 (e.g., 9999))
 
 

 
 

2.  HABITAT TYPE AND NUMBER:  Enter the habitat unit type and number for each unit.  Valid habitat codes include:
 
              P = Pool
              R = Riffle
              S = Side Channel
              T = Tributary
              D = Dry Main Channel
              C = Culvert (Form C1)
              F = Special Cases (chute, falls, dam, marshlands, braided channel (Form C2)
 
Habitat type numbers will be assigned sequentially as the inventory progresses upstream.  Both NSOs and habitat numbers 
are lowest near the downstream end (= startpoint) of the inventory, regardless of habitat type.  The reach number has no 
bearing on how numbers are assigned to habitats (e.g., if Reach 1 ends at P25, the next pool encountered would be in Reach 
2, and it would be designated P26.)
 
In order to consider a habitat type as a separate unit, the habitat length must be equal to or greater than the wetted 
width.  The ONLY exceptions to this rule are special case habitats and channel-spanning plunge pools (see figure 6).
 
 
 

 
 
 
Plunge pools of this type typically are located downstream of a debris jam or log which spans the wetted channel.  Such a 
condition causes a pool to be scoured during high flow events.  These pools must span the width of the wetted channel, but 
they need not be longer than their average width.
 
For all habitats other than channel-spanning plunge pools and Special Case habitats, if the wetted length of a habitat unit 
(measured along the thalweg) is not greater than the average wetted width, do not consider it as a separate unit.  For 
extremely long habitat units, (e.g., riffles approaching 900 feet in length) consider dividing them into smaller more 
manageable lengths.  Splitting very long riffles into smaller, consecutive riffles is necessary because the SMART database 
has a habitat length limit of 999 feet.  Use the endpoints of side channels attached to the riffle, changes in streambed 
composition, or stream gradient in the riffle to divide a long riffle into shorter riffle habitats.  Assign each of the sections of 
riffle a different NSO and habitat number (e.g., a survey team decides to split a 1245 ft. section of a stream into three 
consecutive riffles: a 455 ft. riffle (NSO 20, R10), a 530 ft. riffle (NSO 21, R11), and a 260 ft. riffle (NSO 22, R12)).  
 
A measured habitat unit is NOT assigned its own NSO.  Rather, the NSO assigned to the estimated habitat unit is shared by 
the measured habitat unit as well.  Measured habitats are NOT unique habitats.  Prefix each measured habitat unit with an 
"M" so that these are apparent during data entry.  (Example: NSO 45, P23 = estimated habitat, NSO 45, MP23 = measured 
values for the same habitat).  Only pool (P) and riffle (R) habitat types will have both estimated and measured attributes.  The 
SMART database will treat dimensional attributes of length, width, and depth for all other habitat types as if the values are 
measured (i.e., they will have a correction factor of 1.0).
 
For side channels (S), enter only wetted length, average wetted width, and maximum depth.  A side channel is separated from 
the mainstem channel by a stable island.  A stable island in a forested stream is usually colonized by woody plants.  Woody 
plants other than willows are excellent indicators of the stability of an island.  In reaches characterized by meadows, a well-
developed layer of soil atop the island indicates a stable secondary (side) channel.  But the best indicator of stability is the 
presence of bankfull indicators at an elevation below the surface of the island.  If the island is not inundated during bankfull 
flows consider the island stable.  These stable secondary channels offer very important rearing habitat for juvenile salmonids.  
Do not assign an NSO to dry side channels.  Do not break out individual habitat units (pools, riffles) within side channels.  If 
a flowing side channel has a dry section, record the channel’s total length as the sum of the dry and wet sections, and in 
“Comments” record the estimated length of dry side channel section.  Also record in “Comments” both the bank of the 
mainstem channel into which the side channel flows, and the upstream mainstem habitat where the origin of the side channel 
is located.
 
Braided channels are considered to be Special Case habitats (an “F” habitat type).  For a habitat to be considered a braided 
channel, there must be a minimum of three channels scoured during bankfull flows.  Braided channels are characterized by 
unstable islands subject to movement during normal high flow events.  These islands do not support woody plants other than 
willows, and they lack a developed soil layer.  Herbaceous plants and willows can colonize on unstable islands, and as such 
are poor indicators of a channel’s stability during normal high flow conditions.  See the instructions in this chapter for 
“Special Cases-Other-Form C2 (page 61)" for a complete description of the five habitats considered Special Case Habitats.
 
For tributaries (T), enter the length, average width, and maximum depth of the first habitat unit of the tributary.  Record the 
tributary’s water temperature (degrees Celsius) and the time it was taken.  Estimate a percent of flow contributed by the 
tributary to the mainstem streamflow below the tributary.  In “Comments,” record the estimated flow contribution, the 
gradient of the tributary, and which bank the tributary intercepts.  If possible, identify the tributary on the field map, and label 
with the appropriate NSO and tributary sequence number. 
 
For dry main channels (D), enter only the length of the inventoried mainstem stream channel which is dry at the time of the 
survey.  Enter 0 for wetted width.  Large woody material within the bankfull channel of a dry channel segment is potentially 
mobile during high flow events.  Any LWD within a dry main channel habitat should be tallied according to its dimensions 
and recorded in either the adjacent upstream or downstream pool or riffle.  A “comment” should be made anytime wood 
recorded with the habitat is not located within that habitat.
 
Special Case habitats (falls, chutes, dams, marshlands, and braided channels) are assigned an NSO and their own “F” habitat 
sequence number.  Culverts are given an NSO and flagged as “C” habitats; they are also sequentially numbered.   Enter the 
appropriate NSO and habitat sequence type and number to Form C, but the remaining information is gathered on different 
forms; the Form C1 for culverts and Form C2 for the other special case habitats.  Instructions for completing the appropriate 
forms are found in this chapter under the headings “Special Cases - Culverts - Form C1" and “Special Cases - Other - 
Form C2."  (FL:5 (e.g., C/F 999))
 
3.  HABITAT LENGTH:  Measure the length of mainstem habitat units; the dimensions of side channels and tributaries may 
be estimated. Habitat length is a measured dimension for pools, riffles, dry channels, culverts, falls, chutes, dams, braided 
channels, and marshlands.  These habitats may not be estimated for length.  Habitat length is a measurement of thalweg 
length.  The thalweg is the line of greatest depth from downstream to upstream through the habitat; it is rarely a straight-line 
dimension (see Appendix D, page 99 for a definition of thalweg).  Since the length of all pools and riffles are measured, there 
is no need to re-measure length as part of the measured habitat analysis. 
 
The observer is required to drag a measuring tape behind them as they walk upstream.  As the observer searches for the 
maximum depth in the habitat, the dragged tape will trail behind them in the thalweg.  The recorder simply waits at the 
downstream end of the habitat until one of two things occurs.  Either the observer has determined the upstream end of the 
habitat, or the observer has dragged all of the tape upstream.
 
Measuring the length of side channels and tributaries is a forest option. 
 
Estimates of length may replace measurements only when safety is in question.  Such safety concerns may occur in streams 
too large or deep to wade the thalweg.  An impassable bedrock falls or stream too brushy to see where you are walking are 
also examples of conditions in which habitat lengths may be estimated.
 
How a forest chooses to measure habitat length is a Forest Option.  See Appendix C, Page 93 for a method of measuring 
habitat length that has received extensive field testing. These methods are not required but measuring habitat length for all 
habitats except side channels and tributaries is mandatory.
 
A string box is not an acceptable measuring tool for habitat length for several reasons.  First, the string assumes straight-line 
positions between points of string attachment rather than following the thalweg.  Second, if the string is not kept taut it is easy 
for the current to pull out an unknown amount of string.  There are also possible calibration problems with the string 
stretching in the rain or with the string box losing its accuracy from beginning to end of a roll of string.  The string line also is 
a hazard to wildlife whenever it is left streamside.  Measuring tapes of 100 ft. or greater length, unattached to a reel, are 
preferred because the tape tends to stay in the thalweg as the observer moves upstream.  Measure and record habitat length to 
the nearest foot 
(FL:3 (e.g., 999))
 
4.  HABITAT WIDTH:  Enter the visually estimated average wetted width for each habitat unit.  The observer decides 
where to measure habitat width in the measured habitat units, but the measured value is known only by the recorder.  Enter 
the estimated and measured values for habitat width to the nearest foot, or to within 10 percent of the actual average width, 
whichever is smaller (see figure 7).  (FL:4(e.g.,999.9)) 
 

 
5.  MAXIMUM DEPTH:  Enter the measured maximum depth for each habitat to the nearest 0.1 ft.  The maximum depth 
will be measured wherever that depth is less than 4 ft.  In those habitats in which maximum depth exceeds 4 ft., an estimate of 
maximum depth will be made.  Because the maximum depth is measured in every unit, enter this dimension as both 
"estimated" and "measured values" for maximum depth in measured habitat units.  This will artificially generate a correction 
value of 1.0 for maximum depth in the SMART database.  Maximum depth can be easily measured in most habitat units with 
a scale stick if the depth is less than 4 ft.  (FL:3 (e.g., 99.9))
 
6.  AVERAGE DEPTH [Forest Option]:  Estimate the average depth in riffles only.  This is an ocular estimate, and 
implementation is a Forest-level decision.  (FL:3 (e.g., 99.9))
 
7.  DEPTH AT POOL TAIL CREST:  Enter the maximum measured depth to the nearest 0.1 ft. at the pool tail crest for 
every pool habitat unit.  This location is at the point where the water surface slope breaks into the downstream riffle or 
plunges to a pool below the upstream pool.  Measure the maximum depth at this point along the width of the hydraulic control 
feature that forms the pool.  The hydraulic control can be viewed as a dam holding back the pool's water.  This "dam" is 
rarely a straight line across the downstream end of the pool, rather it usually forms an irregular curve.  
 
To identify the location of the maximum depth along the hydraulic control (pool tail crest), visualize a condition in which 
streamflow has almost stopped, but a trickle of water is still exiting the pool (see figure 8).  That point is the maximum depth 
at the pool tail crest.  This measurement is for calculating residual pool volume (e.g., maximum depth minus pool tail crest 
depth = maximum residual pool depth).  The depth will be measured at each pool unit and estimated wherever the maximum 
depth at pool tail crest exceeds 4 ft.  (FL:3 (e.g., 99.9))
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APPENDIX C: USFS REGION 6 FLOOD ASSESSMENT INSTREAM DURABILITY 

EVALUATION PROTOCOL AND FORM
 

Procedure Description:
 
Channel Type:             MC = Main Channel       SC = Side Channel        FP = Floodplain
                       (FL: 2(e.g. FP))
 
Original Channel Location (only one):
E = Edge (structure built on or associated with on bank of stream)

CC = Cross Channel (full spanning structure associated with both banks of stream e.g. vortex 
weir, upstream facing “V”, etc.)

IN = In-channel (structure not associated with stream banks)
(FL:2(e.g. CC)).

 
Description:                S = Single       M = Multiple piece      (FL: 1 (e.g.M))
 
Material:                    L = Log (with or without stump)        LB = Log/Boulder
                                 B = Boulder    G = Gabion                O = Other
                                 (FL: 2 (e.g. LB))
 
Originally Anchored:   Y = yes           N = No                      (FL: 1(e.g. Y))
 
Special Treatment:      U = upstream “V” weir          D = downstream “V” weir
                                 S = straight across                  OC = off channel alcoves
                                 PD = pond                            (FL: 2 (e.g. OC))
 
Structure Performance Category (post flood):
 
           A                    I =In-Place (>50% of ISS in original location and orientation)
                                 S = Shift on site (>50% of ISS in original location but shifted)
                                 L = Left original site (<50% of ISS remained)
                                 U = unknown (other)
                                 (FL: 1 (e.g. I))
 

           B                    F = Fully meeting objective (presence of channel-wide 
plunge pool)
                                 P = Partially meeting objective (presence of partial 
plunge pool or other type of pool)

                                 N = Not meeting objective (no pool)
                                 O = Functioning in a way not originally intended (still 
providing habitat (e.g. debris jam, multiple pocket pools, etc..)

                                 (Fl: 1 (e.g. F))
 
Comments:  Indicate natural sequence order (NSO) number of habitat unit associated with ISS. 
Describe changes to structure, if any. If logs/rootwads are gone, how many and how far did the material 
travel? Describe additional wood accumulations and maintenance needs, or if a new structure was 
recruited from upstream (FL: 240 (e.g. large log jam recruited in place of structure 3,4,5)).

FLOOD ASSESSMENT INSTREAM STRUCTURE DURABILITY EVALUATION FORM           
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Forest:                                                     District:                                               Survey Date:         
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APPENDIX D: ISS INTEGRITY AND FUNCTION SUMMARY

Table 13. Summary of ISS integrity and function results from Umatilla NF, Oregon, study.

Most structures were installed in the summer of 1990. All structures were reevaluated in the 
summer between 1997 and 2000. The sum of values for stream reaches in the “original # ISS” 
column may not match the total stream value for the original number of ISS because it is 
impossible to tell for some cases which reach lost ISS. 

Stream /
Reach

original
# ISS

Treated
miles

original
# ISS/mi

current
# ISS

# ISS
IP

# ISS
shifted

# ISS
gone

# ISS
F

# ISS
PF

# ISS
NF

# ISS
FO

% ISS
F+PF

% ISS
gone

F+PF/mi

Camas Ck. 38 4.1 9.9 34 34 0 4 30 1 3 0 81.58 0.11 7.6
8 8 0.8 11.9 8 8 0  6 1 1 0 87.5  9.2
11 7 1.0 7.9 7 7 0  6 0 1 0 85.71  5.9
12 8 1.1 8.4 8 8 0  8 0 0 0 100  7.5
13 4 0.6 8.1 4 4 0  4 0 0 0 100  6.4
14 7 0.6 13.1 7 7 0  6 0 1 0 85.71  9.8

Lane Ck. 34 1.6 21.2 30 27 3 4 10 3 18 2 38.24 0.12 8.0
1 13 0.6 21.4 13 12 1  4 2 6 1 46.2 0.00 9.9
2 9 0.5 16.7 7 5 2 2 1 1 5  22.2 0.22 3.7
3 12 0.5 25.4 10 10 0 2 5 0 7 1 41.7 0.17 10.6

Desolation 
Ck.

241 8.9 28.4 209 195 14 20 165 22 35 8 77.6 0.08 20.9

9 5 0.5 14.2 5 5 0  5 0 0 0   10.1
10 5 0.5 13.9 5 5 0  4 1 0 0   10.0
11 12 0.5 26.6 12 11 1  9 3 0 0   22.8
12 7 0.5 15.8 7 3 4  3 3 1 0   11.8
13 7 0.6 14.3 7 6 1  5 2 0 0   12.5
14 10 0.5 21.4 10 10 0 0 4 4 2 0   15.6
15 4 0.5 10.5 0 0 0 4 0 0 4 0   0.0
16 9 0.5 19.5 2 1 1 7 0 1 8 0   1.9
17 8 0.6 15.4 7 5 2 1 4 2 3 0   10.3
18 6 0.6 10.8 0 0 0 6 0 0 6 0   0.0
19 12 0.5 23.8 12 12 0  11 1 0 0   21.9
20 22 0.6 37.6 22 20 2  17 2 3 0   31.1
21 23 0.5 46.9 22 21 1 1 17 1 5 0   35.2
22 26 0.5 56.6 26 26 0  20 0 0 6   41.9
23 25 0.5 52.5 24 24  1 19 2 2 2   42.4
24 25 0.5 53.0 25 25 0  25 0 0 0   51.0
25 23 0.5 49.4 23 21 2 0 22 0 1 0   45.3

 
Stream /
Reach

original
#ISS

Treated
miles

original
# ISS/mi

current
# ISS

# ISS
IP

# ISS
shifted

# ISS
gone

# ISS
F

# ISS
PF

# ISS
NF

# ISS
FO

% ISS
F+PF

% ISS
gone

F+PF
ISS/mi

Ditch Ck. 30 1.7 17.5 30 26 4 0 13 11 6 0 80.0 0.00 13.8
7 8 0.6 12.8 8 8 0  5 3  0 100.0 0.00 12.8
8 12 0.6 19.3 12 11 1  6 4 2 0 83.3 0.00 16.1
18 10 0.5 20.3 10 7 3  2 4 4 0 60.0 0.00 12.2

Big Wall Ck. 54 6.0 10.6 52 51 1 2 43 6 5 0 91.9 0.04 8.2
2 13 1.0 13.5 12 12 0 1 11 0 2  84.6 0.08 11.4
3 3 1.0 2.9 3 3 0  3 0   100.0 0.00 2.9
4* 2 1.0 2.0 2 2 0 0 2 0 0 0 100.0 0.00 2.0
5 13 1.3 10.4 12 12 0 1 12 0 1 0 92.3 0.08 9.6
6 12 1.0 12.0 12 11 1  9 2 1  91.7 0.00 11.0
7 11 0.8 14.3 11 11 0  6 4 1  90.9 0.00 13.0

Wilson Ck. 176 5.5 32.0 158 149 10 17 89 48 38 0 77.8 0.10 24.8
2 8 0.5 14.9 8 7 1 0 3 4 1  87.5 0.00 13.0
3 25 0.5 50.5 25 25 0 0 18 6 1  96.0 0.00 48.4
4 12 0.5 23.0 11 11 0 1 7 5 0  100.0 0.08 23.0
5 24 0.5 48.1 21 20 1 3 13 6 5  79.2 0.13 38.1
6 20 0.5 39.2 19 18 1 1 4 12 4  80.0 0.05 31.4
7 23 0.5 44.7 20 19 1 3 13 4 6  73.9 0.13 33.0
8 9 0.5 17.2 9 8 1 0 7 1 1  88.9 0.00 15.3
9 7 0.5 13.1 6 7 0 0 3 2 1  71.4 0.00 9.4
10 13 0.7 18.8 11 10 1 2 7 2 4  69.2 0.15 13.0
11 35 0.7 51.1 28 24 4 7 14 6 15  57.1 0.20 29.2

IP = in-place, F = functioning, PF = partially functioning, NF = not functioning, FO = functioninig in a 
way not originally intended
* this reach was not used to calculate ISS frequency, % functioning or partially functioning ISS, or 
functioning or partially functioning ISS per mile.

 

 

 

 

 

 

 

 

 

 

APPENDIX E: MAPS OF INDIVIDUAL STUDY STREAMS SHOWING REACH 

DELINEATIONS

Figure 14. Map showing Camas Creek Watershed, Oregon.

 

Figure 15. Map of Desolation Creek Watershed, Oregon.

Figure 16. Map showing Ditch Creek Watershed, Oregon.

Figure 17. Map showing Big Wall Creek Watershed, Oregon.

 

 

 

 

 

 

 

 

 

APPENDIX F:  FISH HABITAT VARIABLE MEANS 

 

Table 14. Fish habitat variable means for each study steam in the Umatilla NF, Oregon, from the 
ANOVA test. 

T = treatment, C = control, values in bold are significant at α = 0.1.

 
Stream deep pools / 

wetted width
# pools / wetted 

width
average 

maximum pool 
depth (ft)

residual pool 
depth (ft)

 T C T C T C T C
Camas Ck. 0.02 0.03 0.048 0.059 2.15 2.49   
Lane Ck. 0.00 0.00 0.033 0.029 1.71 1.08   
Desolation Ck 0.11 0.033 0.102 0.052 2.96 3.12 2.07 2.34
Ditch Ck. 0.01 0.00 0.065 0.028 1.57 1.57 1.32 1.29
Big Wall Ck. 0.02 0.02 0.052 0.046 2.24 1.84 1.95 1.54
Wilson Ck. 0.10  0.111  3.13  2.45  

 
 
 
 
 
 
Stream % pools average pool area 

(ft2)
average pool 
volume (ft3)

# habitat units / 
wetted width

 T C T C T C T C
Camas Ck. 25.65 26.85 1442.07 4968.54 2998.50 8910.52 0.09 0.12
Lane Ck. 5.96 7.95 297.70 180.67 530.60 194.82 0.07 0.06
Desolation Ck 15.28 6.53 1143.09 1867.71 2627.32 5599.44 0.23 0.10
Ditch Ck. 20.82 16.27 524.64 698.10 800.75 989.89 0.10 0.06
Big Wall Ck. 30.49 30.66 946.61 1557.31 2072.31 3166.19 0.10 0.10
Wilson Ck. 28.65  1285.32  4086.55  0.23  

 

 
Stream standard 

deviation of 
riffle width (ft)

coefficient of 
variation of riffle 

width (%)

pool : riffle ratio pool width : 
depth ratio

 T C T C T C T C
Camas Ck. 4.22 7.05 29.25 26.64 0.38 0.43 9.47 12.38
Lane Ck. 2.57 1.91 21.43 27.51 0.06 0.09 8.40 8.68
Desolation Ck 5.31 8.52 17.16 26.09 0.20 0.08 9.26 9.94
Ditch Ck. 2.56 2.69 20.74 26.79 0.27 0.23 10.48 8.80
Big Wall Ck. 3.01 4.41 26.30 29.80 0.45 0.45 6.66 8.30
Wilson Ck. 6.17  29.52 0.00 0.43  7.90 0.00
 
 
 
 
 
 

Table 15. Fish habitat variable means for each study steam in the Umatilla NF, Oregon, from the 
ANCOVA test. 

T = treatment, C = control, values in bold are significant at α = 0.1.

 

Stream deep pools / 
wetted width

# pools / wetted 
width

average 
maximum pool 

depth (ft)

residual pool 
depth (ft)

 T C T C T C T C
Camas Ck. 0.02 0.03 0.059 0.076 2.10 2.60 1.85 1.98
Lane Ck. 0.01 0.00 0.037 0.029 1.72 1.13 1.41 0.82
Ditch Ck. 0.02 0.00 0.060 0.025 1.67 1.56 1.32 1.29
Big Wall Ck. 0.01 0.00 0.035 0.031 2.10 1.63 1.95 1.54
 
 

 

Stream
% pools average pool area 

(ft2)
average pool 
volume (ft3)

# habitat units / 
wetted width

 T C T C T C T C
Camas Ck. 29.23 31.56 1409.94 4860.56 2690.09 12057.20 0.09 0.12
Lane Ck. 7.49 9.02 317.10 206.00 516.08 212.66 0.08 0.07
Ditch Ck. 24.75 14.97 569.56 726.69 985.63 938.36 0.12 0.06
Big Wall Ck. 21.34 21.98 873.27 1479.74 1507.24 2161.02 0.10 0.10
 
 
 
Stream standard 

deviation of 
riffle width (ft)

coefficient of 
variation of riffle 

width (%)

pool : riffle ratio pool width : 
depth ratio

 T C T C T C T C
Camas Ck. 4.32 5.93 31.43 30.42 0.43 0.52 9.44 11.58
Lane Ck. 3.39 2.90 23.96 29.17 0.10 0.12 8.40 8.70
Ditch Ck. 2.47 2.80 19.70 22.72 0.35 0.20 10.41 8.79
Big Wall Ck. 2.62 3.76 27.28 30.46 0.27 0.28 6.66 8.27
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

APPENDIX G:  SUMMARY OF LWD 

 

Figure 18. Summary of large and small LWD from post-treatment stream surveys and from the Taylor 
(2000) study.

Stream post-stream 
survey

PacFish 
Target

Taylor 
(2000) 
treated 
reach

Lamb Target Taylor 
(2000) 
treated 
reach

Lamb Target

 Lg. LWD/mi Lg. LWD/mi Lg. LWD/mi Lg. LWD/mi Sm. LWD/mi Sm. LWD/mi
Camas 2.74 > 20 1.6 30.59 16.4 33.12
Lane 16.34 > 20 0 30.59 50.9 33.12
Desolation 
(C)

9.41 > 20 NA 30.59 NA NA

Desolation 
(T)

8.15 > 20 17.2 30.59 219.4 33.12

Ditch 11.4 > 20 NA NA NA NA
Big Wall 8.46 > 20 19.7 30.59 30.4 33.12
Wilson 46.34 > 20 4.5 30.59 4.5 33.12

Lg = large, Sm. = small

 

 


